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NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 

Held  in  the  Wood  Memoeial  Hall,  Nbwcastle-upon-Tznb, 

Satuedat,  October  10th,  1891. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council. 


The  Second  Annual  Report  with  Financial  Statement  of  the  Council 
of  the  Federated  Institution  of  Mining  Engineers  was  also  communicated 
to  the  meeting  by  the  Secretary.* 


The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : 

Members — 

Mr.  Arthur  Payne  Gallwey,  Mining  Engineer,  P.O.  Box  138,  Johannes- 
burg, Z.A.R. 

Mr.  Ernest  Seymour  Wood,  Mining  Engineer,  South  Hetton,  Sunderland. 

Mr.  Ernest  Williams,  Civil  and  Mining  Engineer,  Assoc,  Mem.  Inst,  of 
C.E.,  Johannesburg,  Z.A.R. 

Associate  Members — 
Mr.  Henry  Heath  Cochrane,  Colliery  Owner,  Eshwood  Hall,  Durham. 
Mr.  William  Percy  Cochrane,  Colliery  Owner,  6,  Tankerville  Terrace, 

Newcastle-upon-Tyne. 
Mr.  James  John  Joicey,  Colliery  Owner,  Sunningdale  Park,  Berks. 
Mr.  F.  Richter,  Merchant,  Osborne  Villas,  Newcastle-upon-Tyne. 

Associate— 
Mr.    Georwe    William     Minto,     Deputy-Overman,    Heworth    Colliery, 
Heworth-upon-Tyne. 

*  Transactions,  vol.  iii.,  p.  3. 
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TRAifSACTIONS. 

The  followiug  gentlemen  were  nominated  for  election  : — 

Members — 

Mr.  Collin  Cole,  Mining  Engineer,  De  Beer's  Mine,  Kimberlev,  Z.A.E. 

Mr.  Geoege  Stephen  Coelett,  Electrical  Engineer,  Wigan. 

Mr.  Geoege  Edwin  James  McMueteie,  Mining  Engineer,  Foxes  Bridge 
Colliery,  Cinderford,  Gloucestershire. 

Mr,  EoBEET  Gates,  Mining  Engineer,  Manager,  Rajdoha  Mining  Com- 
pany, Limited,  via  Kalkapur  P.O.,  Dhalbhoom,  Singhbhoom,  Bengal, 
India. 

Mr.  ElCHAED  AUGUSTINE  Studdeet  Eedmayne,  Mining  Engineer. 
Ingagane,  near  Newcastle,  Natal,  South  Africa. 

Associate  Membees — 

Mr.  T.  J.  Fostee,  Editor,  Coal  Exchange,  Scranton,  PennsylTania,  C.S. 
Mr.  Feancis  John  Snowball.  Land  Agent,  Se^on  Burn  House,  Dudley, 
Northumberland. 

Associates— 

Mr.  Philip  Bolam,  Manager,  Beamish  Colliery,  Chester-le-Street. 

Mr.  John  Watson,  Analytical  Chemist,  19,  Bloomfield  Terrace,  Gateshead. 

Student — 
Mr.  John  James  Whitehead.  Mining  Student.  Arden  Lea,  Heaton,  near 
Bolton. 


The  Seceetary  read  the  following  "Memoir  of  Theophilus  "Wood 
Bunning,"  by  Mr.  C.  Z.  Bunning  : — 


MEMOIE  OF  THEOPHILUS   WOOD   BUIiTNING. 


MEMOIR  OF  THEOPHILUS  WOOD  RUNNING. 


By  his  Son,  C.  Z.  BUNNING. 


THEOPHILUS  Wood  BmfNiNa,  the  youngest  son  of  Daniel  James 
Banning,  architect,  was  born  at  Hunter's  Street,  Bloomsbury,  London, 
on  the  25th  of  March,  1822.  He  was  apprenticed,  in  1837,  to  Messrs. 
Seaward,  Capel  &  Co.,  of  Limehouse,  marine  engineers  of  great  repute 
at  that  time. 

He  afterwards  served  in  the  drawing  offices  of  Messrs.  John  Penn  & 
Son,  of  Greenwich,  of  Messrs.  J.  &  G.  Rennie,  of  Blackftiars,  both 
marine  engineers,  and  of  Messrs.  Napier  &  Co.,  of  Lambeth,  makers  of 
minting  and  general  tool  macliinery.  In  18-lG,  he  entered  the  drawing 
office  of  Messrs.  Nilus  &  Cie,  at  Havi-e,  and  remained  there  until  the 
French  Revolution  of  1848  compelled  him  to  leave. 

He  next  entered  the  firm  of  Messrs.  Miller,  Ravenhill  &  Salkeld,  of 
Ratcliffe,  Blackwall,  marine  engineers,  but  left  them  in  1851  to  become 
the  superintendent  of  the  marine  department  of  Messrs.  R.  Stephenson 
&  Co.,  of  Newcastle-upon-Tyne,  and  filled  later  a  similar  appointment 
at  the  engine  works  of  Messrs.  Robert  Morrison  &  Co.,  Ouseburn. 

Afterwards,  while  practising  on  his  own  account  as  consulting 
engineer  in  Newcastle-upon-Tyne,  he  became  connected  with  the  North 
of  England  Coal  Trade  by  taking  part  as  a  practical  engineer,  with  the 
late  Dr.  Richardson  as  a  skilled  chemist,  in  experiments  made  in  1863 
with  Northumberland  coal  in  competition  with  Welsh  coal  as  to  their 
relative  merits  for  steam-producing  purposes  in  the  Royal  Navy.  The 
trials  were  made  at  Plymouth  and  resulted  in  establishing  the  perfect 
equahty  of  the  two  classes  of  fuel.  This  result  was  endorsed  in  1881  by 
the  official  report  of  Mr.  D.  Kinnear  Clark,  of  the  Smoke-abatement 
Exhibition,  when  the  two  fuels  were  again  brought  into  competition  at 
trials  made  in  London. 

In  18G6,  Mr.  Running  became  secretary  of  the  North  of  England 
Institute  of  Mining  Engineers,  editing  twenty-one  yearly  volumes  of  the 
Transactions  of  this  the  first  and  most  important  Mining  Institute  in  the 
world.  He  retired  from  this  post  in  1888,  when  he  severed  his  connexion 
with  all  the  work  his  name  was  attached  to  in  the  North  of  England. 
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During  the  time  of  his  secretaryship,  the  membership  of  the  Institute 
increased,  and  its  Ubrary  became  one  of  the  finest  reference  libraries  con- 
nected with  mining.  The  importance  of  the  Institute  was  enhanced, 
when,  in  1878,  through  the  indefatigable  exertions  of  the  Earl  of  Ravens- 
worth,  then  Lord  Ellington,  Member  of  Parliament  for  South  Northum- 
berland, a  Royal  Charter  was  obtained. 

Mr.  Running's  connexion  with  the  Durham  College  of  Science, 
Newcastle-upon-Tyne,  as  secretary,  dated  from  its  foundation  in  1871, 
when  through  the  exertions  of  its  earliest  promoter,  Mr.  E,  F.  Royd, 
aided  by  Dr.  Lake,  the  Dean  of  Durham,  the  scheme  for  obtaining  for 
the  North  of  England  a  scientific  and  engineering  college  assumed  a 
tangible  form.  He  resigned  this  post  in  March,  1888,  and  at  a  conver- 
sazione, held  in  his  honour,  a  presentation  was  made  by  the  Council  of 
the  College  of  plans  of  the  new  College  in  Rarras  Rridge,  Newcastle,  in 
token  of  their  appreciation  of  his  services  and  in  recognition  of  the 
valuable  aid  he  rendered  in  the  promotion  of  its  interests. 

He  was  secretary  to  the  North  of  England  Coal  Trade,  representing 
the  Northumberland  Coal  Owners'  Association,  the  Durham  Coal  Owners' 
Association,  the  Joint  Committees  of  both  counties  (committees  consisting 
of  representatives  of  coal  owners  and  miners,  presided  over  by  a  chairman, 
generally  a  county  court  judge  or  stipendiary  magistrate,  to  settle  matters 
of  dispute  connected  with  miners'  wages,  etc.);  and  his  name  was 
intimately  associated  with  all  work  arising  from  them,  such  as  the  many 
arbitrations  on  the  question  of  wages,  experiments  on  the  weathering  of 
coal  "shot  fast,"  and  other  experuneuts,  compilations  of  statistics  of  all 
trades  and  work  connected  with  mining,  London  coal  dues,  various  Acts 
of  Parliament  connected  with  the  trade,  compilation  of  foreign  law  on 
employers'  liability  in  connexion  with  the  Employers'  Liability  Act, 
formation  of  a  coal  section  of  the  Loudon  Chamber  of  Commerce,  at 
which  he  acted  as  the  representative  of  the  North  of  England  Coal  Trade 
Associations.  He  was  actively  engaged  in  the  promotion  of  the  exhibi- 
tion held  in  Newcastle-upou-Tyne  and  only  resigned  the  position  of 
secretary  (but  retained  his  position  on  the  executive  conmiittee)  when  the 
scheme  became  of  such  extent  as  to  require  the  entire  energies  of  a 
secretary.  From  1866  to  1888  his  assiduous  labours  were  of  value  to  the 
coal  trade,  as,  through  the  conciliation  he  always  advocated,  the  good 
relationship  of  masters  and  men  in  the  industries  of  the  coal  trade  was 
largely  maintained. 

For  two  or  three  years  before  his  death,  which  occurred  on  the  15th  of 
July,  1888,  at  Jugenheim,  near  Darmstadt,  Germany,  his  health  had  been 
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failing,  and  his  life  was  cut  short  suddenly  through  apoplexy,  in  the 
sixty-sixth  year  of  his  age,  after  enjoying  but  a  few  months  of  repose, 
crowning  a  life  full  of  work  and  responsibility. 

From  an  early  age  he  had  had  to  work,  his  father  dying  shortly  after 
his  birth,  and  his  early  life  was  beset  with  difficulties.  The  shortcomings 
in  his  early  education  he  made  up  in  after-life  in  the  few  spare  hours  left 
after  the  end  of  each  day's  work,  and  in  this  way  he  acquired  a  thorough 
knowledge  of  the  French  and  German  languages.  Industry,  marked  with 
thoroughness  and  methodical  neatness,  was  a  great  featm-e  in  his  character, 
visible  as  well  in  his  office  work  as  in  private  life,  and  in  everything  he 
interested  himself  in.  Honest  and  upright,  never  swerving  from  what  he 
thought  was  liis  duty  in  life  and  business,  courteous  and  genial,  talented, 
a  lover  of  art,  generous  and  amiable,  loving  seclusion  amidst  his  friends 
and  family,  to  whom  he  was  devoted  and  ready  for  their  welfare  to 
sacrifice  anything,  such  was  the  subject  of  this  memoir. 


The  President  said  there  was  nothing  to  be  remarked  upon  this 
memoir  but  to  thank  Mr.  C.  Z.  Bunning  for  his  brief  but  interesting 
account  of  his  father.  He  was  sure  they  all  appreciated  the  late  Mr. 
Bunning's  services  to  the  Institute  during  his  secretaryship,  and  this  little 
tribute  to  his  memory  would  be  received  with  pleasure  by  the  members 
of  the  Institute.  He  would  not  say  more,  but  propose  that  the  memoir 
be  printed  in  the  Transactions. 

This  proposal  was  adopted. 


Mr.  L.  W.  Chicken  read  the  following  paper  on  "  Experiments  with 
Explosives": — 
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EXPERIMENTS  WITH  EXPLOSIVES. 


By  L.  W.  chicken. 


A  series  of  experiments  on  explosives  used  in  mines  was  made  at  Risca, 
on  July  22nd,  1891,  at  which  the  writer  attended. 

First  Series. 

The  first  experiments  were  made  by  firing  the  various  explosives  in  an 
iron  mortar,  tamped  with  clay  and  coal-dust,  by  an  electric  detonator. 

The  mortar  was  fired  into  an  ii'on  chamber  filled  with  an  explosive 
mixtm-e  of  coal-gas  and  air  laden  with  coal-dust. 

The  chamber  consisted  of  an  old  boiler  16 -feet  long  and  5  feet  in 
diameter,  the  two  open  ends  being  covered  with  brattice.  Ordinary  coal 
gas  was  admitted  into  the  chamber  from  a  2-inch  pipe,  and  the  bottom 
of  the  chamber  was  covered  with  3  inches  of  fine  coal-dust. 

In  order  that  the  coal-dust  should  be  in  suspension  at  the  time  of  the 
ignition  of  the  explosive,  a  wooden  flapper  was  hung  inside  the  boiler  and 
worked  up  and  down  by  means  of  a  chain  which  came  through  the  top  of 
the  boiler  and  over  a  small  wheel,  the  outer  end  of  this  chain  hanging  down. 
There  was  a  small  aperture  in  the  middle  of  the  chamber,  also  covered 
with  brattice,  at  which  in  each  instance  the  gaseous  mixture  was  tested 
by  means  of  a  safety-lamp.    The  cartridges  were  each  2  ounces  in  weight. 


No.  of 
Experiment. 

Name  of  Explosive. 

Nature  and  Length 
of  Tamping. 

Results  of 
Ignition, 

1 

Ammonite 

6  inches  of  coal-dust 

No  flame. 

2 

,, 

4       „ 

^j 

3 

2 

4 

Dynamite 

6 

Flame. 

5 

Gelatine-dynamite* 

2 

6 

Securite        

6 

7 

Stonite          

6 

8 

Tonite           

6 

9 

Carbonitet 

None 

No  flame. 

Second  Series. 
These  experiments  were  intended  to  show  the  comparative  safety  of 
each  explosive  when  exposed  to  the  effects  of  falling  weights.     A  steel 
block  weighing  59  lbs.  was  Hfted  to  a  height  of  6  feet  above  an  anvil 
upon  which  the  various  explosives  were  placed. 
*  Without  water-cartridge  and  supports,     f  No  coal-dust  was  used  in  this  experiment. 
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The  following  explosives  were  detonated: — Dynamite,  blasting-gelatine, 
tonite,  gunpowder,  stonite,  carbonite,  gelignite,  and  gun-cotton. 

In  the  case  of  ardeerite,  with  a  6-feet  drop,  the  cartridge  burst  without 
ignition.  The  weight  was  then  lifted  to  about  10  feet  and  dropped  upon 
the  loose  bursted  cartridge,  which  then  partially  exploded. 

There  was  no  explosion  when  ammonite  was  placed  on  the  anvil,  and 
the  weight  lifted  23  feet  and  allowed  to  drop. 

As  the  ardeerite  exploded  when  the  weight  fell  on  the  burst  cartridge, 
it  was  suggested  that  ammonite  should  be  tried  in  the  same  manner.  An 
ammonite  cartridge  was  opened  and  placed  loose  on  the  anvil,  the  weight 
was  then  raised  to  a  height  of  16  feet  and  allowed  to  drop  without 
exploding  the  mass. 

Third  Series. 

A  cartridge  of  ammonite  was  immersed  for  several  hours  in  a  bucket 
of  ice  and  water  ;  it  was  then  cut  in  two  pieces,  one-half  was  fired  by 
a  detonator  and  exploded,  while  the  other  half  was  thrown  into  a  brazier 
of  red-hot  coke,  where  it  burnt  rapidly  away  without  explosion. 

A  number  of  ammonite  cartridges  and  an  equal  number  of  dynamite 
cartridges  were  placed  upon  a  board  and  shot  at  with  a  rifle  ;  the 
ammonite  cartridges  were  indented  in  several  places,  showing  that  they 
had  been  hit,  but  there  was  no  explosion  ;  the  dynamite  cartridges  ex- 
ploded. The  ammonite  cartridges  were  afterwards  detonated  and  exploded 
simultaneously. 

One  pound  of  gunpowder  was  placed  in  a  case  of  ammonite  cartridges 
and  fired  without  the  latter  being  exploded.  The  same  weight  of  gun- 
powder was  then  placed  in  a  case  of  dynamite  cartridges,  which  were 
exploded  by  its  ignition. 

Fourth  Series. 

A  line  of  cartridges,  80-feet  long,  was  fired  by  one  detonator,  which 
showed  the  instantaneous  detonation  of  ammonite  and  the  continuation  of 
the  explosive  wave  through  the  line  of  cartridges. 

Fifth  Series. 

The  following  experiments  showed  the  comparative  power  of  various 
explosives  when  fired  from  a  mortar,  throwing  a  cyhndrical  shot  weighing 
29  lbs.,  a  charge  of  5  grammes  of  the  explosive  being  used  in  each 
instance : — 
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Namf.  of  BxPLOsrv'E. 

Baxge  in  Feet. 

Formerly. 

First 
Experiment. 

Second 
Experiment. 

Ammonite 

Gelignite 

Roburite 

Dynamite 

Stonite 
Gun-cotton 

Tonite         

Carbonite 

Securite 
Gunpowder 

310 

306 

294 

26i 

252-8 

234 

223 

168 

182-2 

142 

280 

275 

270 
235 

198 
160 

188 
135 

i  1  1  1  1  1  1  1  1  1 

The  President  stated,  that  as  the  next  paper  was  on  a  similar  sub- 
ject, it  might  be  well  to  hear  it  read,  and  then  take  the  discussion  on  both 
papers  together. 


Mr.  W.  J.  Orsmax  then  read  the  following  "  Notes  on  the  Products 
and  Temperature  of  Detonation  of  some  High  Explosives"  : — 
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NOTES   ON   THE   PRODUCTS   AND   TEMPERATURE    OF 
DETONATION  OF  SOME  HIGH  EXPLOSIVES. 


By  W.  J.  ORSMAN,  F.T.C,  F.C.S. 


During  the  last  few  years  the  enormous  demand  that  has  sprung  up 
for  explosives  both  for  military  and  mining  purposes  has  enabled  a  wider 
field  of  observation  and  research  to  be  recorded,  and  much  new  light  has 
been  thrown  on  the  reactions  that  take  place,  enabling  one  to  have  a 
more  thorough  control  in  modifying  the  results  which  occur  during 
explosion  or  detonation  of  such  explosives.  A  wide  difference  exists 
between  ordinary  explosion  due  to  rapid  combustion,  and  detonation.  In 
the  former,  we  have  certain  elements,  having  a  great  affinity  for  one 
another,  packed  closely  together,  as  in  gunpowder,  which  on  the  application 
of  heat  combine ;  and  the  products  of  combustion  being  principally  gaseous 
a  large  volume  of  gas  is  suddenly  formed,  which  being  enormously  ex- 
panded by  the  heat  given  out  produces  the  explosion.  Detonation,  on  the 
other  hand,  is  brought  about  by  the  formation  of  an  explosive  wave,  which, 
when  communicated  to  certain  bodies,  either  solid,  liquid,  or  even  gaseous, 
causes  dissociation  of  the  elements  contained  therein  ;  which  elements,  if 
they  have  an  affinity  for  one  another,  immediately  combine  together  again 
in  the  simplest  proportions,  such  combination  being  the  more  intense 
owing  to  the  high  temperature  produced. 

All  known  explosives  may  be  classed  under  three  heads : — I.,  those 
in  which  a  combustible  body  is  mixed  with  an  oxidizing  substance, 
and  the  explosion  is  brought  about  by  simple  combustion,  such  as  with 
gunpowder  ;  II.,  those  due  to  detonation  in  which  an  explosive  wave 
is  established  by  the  decomposition  of  fulminate  of  mercury,  such  as  gun- 
cotton,  nitro-glycerine,  and  certain  of  the  Sprengel  explosives,  comprising 
dual  mixtures  of  nitrate  of  ammonia  with  nitrated  hydrocarbons  ;  and 
III.,  combinations  of  the  above  two  classes,  such  as  gelignite,  carbonite,  etc. 

In  Class  I.,  in  which  explosion  is  caused  by  the  sudden  development 
of  gases  due  to  intensely  rapid  combustion,  an  enormous  amount  of  heat 
is  evolved,  and  as  in  gunpowder,  much  solid  residue  being  present,  the 
particles  of  solid  matter  are  projected  at  a  high  temperature.     For  military 
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purposes  this  high  temperature  is  not  veiy  disadvantageous,  except  for 
rapid  firing  guns,  where  the  breech  is  kept  cool  by  means  of  a  water-jacket. 
For  mining  purposes,  however,  this  sudden  evolution  of  heat  is  a  serious 
matter,  and  is  responsible  for  many  of  the  accidents  caused  by  the  ignition 
of  gas  and  coal-dust  in  mines.  The  danger  of  using  gunpowder  in  coal 
mines  is  becoming  more  generally  recognized,  and  it  is  only  a  question  of 
time  when  it  will  be  totally  replaced  by  some  one  or  other  of  the 
newer  so-called  safety  explosives. 

In  Class  II.,  we  have  both  gun-cotton  and  nitro-glycerine,  with  which 
of  course  is  included  ordinary  dynamite  (in  which  the  nitro-glycerine  is 
mixed  with  an  absorbent  earth  called  kieselguhr),  and  also  blasting  gelatine 
(which  is  a  plastic  mixture  of  nitrated  cotton  and  nitro-glycerine).  In 
all  these  substances,  however,  the  temperature  of  detonation  is  very  high ; 
that  of  dynamite  being  5,300  degs.  Fahr.  and  that  of  gun-cotton  4,800  degs. 
Falu".  From  the  report  of  the  French  Commission  on  the  use  of  explosives 
in  the  presence  of  fire-damp  in  mines,  so  ably  translated  by  ]\Iessrs.  "W.  J. 
Bird  and  M.  "Walton  Brown,  it  is  shown  that  an  explosive  whose  detonation 
is  due  to  the  explosive  wave,  may  be  hannless  in  the  presence  of  fire-damp, 
if  its  temperature  of  detonation  be  below  the  point  of  ignition  of  fire- 
damp. It  is  only  necessary,  although  not  sufficient,  that  the  temperature 
of  detonation  should  be  less  than  3,992  degs.  Fahr.  The  degree  of  safety 
becomes  greater  as  the  temperature  of  detonation  falls  below  this  figure, 
and  it  may  be  sufficient  when  it  is  reduced  to  2,912  degs.  Fahr.  The  report 
further  states,  and  experiment  shows,  that  the  temperature  of  detonation 
of  such  bodies  as  gun-cotton  and  dynamite  may  be  considerably  lowered 
by  the  admixture  of  nitrate  of  ammonia,  the  temperatm'e  of  detonation  of 
which  is  only  1,832  degs.  Fahr.  This  practice  has  been  adversely 
reported  on  by  H.M.  Inspectors  of  Explosives,  as  shown  by  the  following 
extract  from  the  blue  book,  containing  their  annual  report  for  the  year 
1890:— 

"  It  will  be  noticed  that,  while  the  addition  of  various  ammonium 
salts  to  dinitro-benzole  has  been  sanctioned,  the  addition  of  ammonium 
salts,  other  than  the  carbonate  to  explosives  containing  gun-cotton  or 
nitro-glycerine,  has  always  been  reported  against.  The  reason  is  this,  all 
ammonium  salts,  especially  when  exposed  alternately  to  moist  and  dry  air  at 
slightly  elevated  temperatui'es,  lose  traces  of  ammonia  and  become  acid  ; 
now,  nitro-compounds  hke  dinitro-benzole  are  little,  if  at  all,  affected  by 
traces  of  acid,  and  under  such  circumstances  show  no  tendency  to  spon- 
taneous decomposition,  which  might  lead  to  ignition  or  explosion. 
Nitro-compounds,    like  gun-cotton  and   nitro-glycerine  (more    strictly 
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speaking,  nitric  ethers),  on  the  other  hand,  are  seriously  affected  by  traces 
even  of  acids,  especially  strong  mineral  acids,  and  decomposition  once 
started  goes  on  and  ultimately  leads  to  total  decomposition,  which  may 
end  in  ignition  or  explosion,  hence  ammonium  salts  exert  no  dangerous 
action  on  true  nitro-compounds,  but  may  fatally  affect  the  stability  of 
nitric  ethers,  like  gun-cotton  and  nitro-glycerine." 

Seeing  this  to  be  the  case,  and  ignoring  for  the  present  all  the  suggested 
forms  of  protective  surroundings  (such  as  the  water-cartridge,  on  account 
of  the  increased  size  of  borehole  necessaiy,  the  absorption  of  power  by  the 
protective  substance,  to  say  nothing  of  the  risk  of  omitting  the  covering 
altogether),  one  must  look  about  for  other  compounds  or  other  methods  of 
lowering  the  temperature  of  explosion  without  such  extraneous  means.  At 
the  present  time  there  are  two  distinct  classes  of  explosives,  which  claun  to 
produce  this  result,  and  which  differ  materially  from  one  another.  The  first 
belongs  to  the  true  Sprengel  type,  being  a  mixture  of  ammonium  nitrate 
with  a  nitrated  hydrocarbon,  and  the  other  is  prepared  by  the  addition 
to  nitro-glycerine  compounds,  not  of  nitrate  of  ammonium,  but  of  carbon- 
aceous substances,  such  as  wood-meal,  coal-dust,  etc.  In  the  first  class 
true  detonation  takes  place;  in  the  second,  detonation  is  accompanied  by  a 
modifying  effect  due  to  the  presence  of  excess  of  carbonaceous  matter. 
The  following  remarks  deal  principally  with  these  two  classes,  and  show  the 
differences  produced  in  their  explosion.  Some  time  ago,  whilst  exploding 
various  explosives  in  closed  steel  cylinders,  the  writer  was  much  struck 
by  the  fact  that  unless  the  explosive  itself  was  closely  confined  by  a  stout 
case,  although  there  was  only  a  surrounding  layer  of  2  inches  of  air 
between  the  cartridge  and  the  sides  of  the  cylinder,  the  resultant  gases 
always  showed  products  of  incomplete  combustion,  even  when  the 
explosive  contained  an  excess  of  oxidizing  material.  When,  however,  the 
explosive  was  confined  in  a  strong  case  suspended  in  the  steel  cylinder  and 
fired  by  a  detonator  complete  combustion  invariably  took  place.  The 
writer  then  thought  it  would  be  interesting  to  examine  the  products  of 
combustion  when  such  explosives  as  carbonite,  having  a  large  excess  of 
carbonaceous  matter,  were  exploded  under  similar  circumstances,  that  is 
to  say  when  strongly  confined,  as  would  be  the  case  in  an  ordinary 
borehole.  A  large  number  of  experiments  were  made,  and  in  every  case 
it  was  found  that  where  the  temperature  of  the  flame  was  reduced  by 
the  addition  of  wood-meal  or  coal-dust,  large  quantities  of  carbon 
monoxide  and  other  products  of  incomplete  combustion  were  produced. 

The  following  details  will  show  the  method  of  conducting  the  experi- 
ments : — A   mild  steel  hollow  sphere,  ^-inch  thick,  with    an   internal 
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diameter  of  4^  inches,  having  an  outlet  cock  at  one  side  and  an  opening 
at  the  top,  which  could  be  closed  by  a  screw  plug,  served  to  confine  the 
gases  generated  by  the  explosion;  10  grammes  of  explosive  were  used  in 
each  experiment,  and  were  placed  in  a  small  cartridge 
case  made  out  of  "  tea  "  lead-sheet,  3^  inches  by  4| 
inches,  making  a  case  about  |-inch  diameter,  and 
varying  from  If  inches  to  2;^  inches  long,  according 
to  the  density  of  explosive  used. 

The  cartridges  were  fired  by  means  of  an  electric 
detonator,  the  wires  passing  through  the  screw  plug 
at  the  top.  After  firing,  the  products  of 
combustion  could  be  measured  and  ana- 
lysed by  allowing  the  gases  to  escape 
from  the  tap  at  the  side.  The  following 
results  were  obtained  from  experiments 
made,  under  exactly  similar  conditions, 
with  each  of  the  following  explosives : — 
carbonite,  gelignite,  tonite,  and  roburite. 
-This  explosive  is  at  present  manufactured  abroad 


1st. — Carbonite. 
and  consists  of: — 


Nitro-glycerine        

Wood-meal    

Nitrate  of  potassium 
Organic  sulphur  compound 


Per  Cent. 
25 

40 

34 

a  trace. 


The  total  volume  of  permanent  gases  from  10  grammes  was  2,100 
cubic  centimetres.     The  mean  of  ten  experiments  gave  : — 


Carbon  dioxide 
Carbon  monoxide     ... 
Marsh  gas  and  hydrogen 
Nitrogen 


Per  Cent. 
19 

15 

26 
40 


2nd. — Gelignite  (Nobel's). — This  explosive  consists  of  : — 


Nitro-glycerine 
Nitro-cotton  ... 
Wood-meal  ... 
Nitrate  of  potassium 


Per  Cent. 
56-5 

3-5 

8-0 

32-0 


The  total  volume  of  permanent  gases  from  10  grammes  was  4,980  cubic 
centimetres.     The  mean  of  five  experiments  gave  : — 


Carbon  dioxide 
Carbon  monoxide 
Nitrogen 


Per  Cent. 
26 


67 
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3rd. — Tonite. — This  explosive  originally  consisted  of  gun-cotton, 
together  with  barium  nitrate,  the  latter  salt  supplying  the  oxygen  necessary 
to  completely  oxidize  the  gun-cotton,  which  is  deficient  in  oxygen.  This 
explosive  showed  no  formation  of  carbon  monoxide. 

The   explosive,  as  now  generally  obtained,  contains  dinitro-benzole. 

The  total  volume  of  permanent  gases  from  10  grammes  was  3,750  cubic 
centimetres.    The  mean  of  three  experiments  gave  the  following  results : — 


Per  Cent. 

Carbon  dioxide 

30 

Carbon  monoxide 

8 

Nitrogen ... 

62 

4th. — Rohurite. — This  explosive  is  a  true  type  of  the  Sprengel  class, 
and  is  taken  because  at  the  present  time  it  is  of  this  class  by  far  the  most 
largely  used  in  this  country  ;  further,  it  differs  essentially  from  other 
nitrate  of  ammonia  mixtures  with  nitrated  hydrocarbons  in  that  the 
organic  body  is  first  chlorinated.  The  introduction  of  chlorine  in  this 
way  causes  more  easy  detonation  of  the  finished  explosive,  and  reduces 
the  temperature  of  detonation,  whilst  the  presence  of  chlorine  compounds, 
in  the  ultimate  gaseous  products,  tends  to  still  further  reduce  the  effect  of 
the  escaping  heated  gases.     The  composition  is  as  follows  : — 

Per  Cent. 
Nitrate  of  ammonia        ...         ...         8(5 

Dinitro-chlor- benzol        14 

The  total  voUune  of  permanent  gases  fi'om  10  grammes  was  4,780 
cubic  centimetres.     The  mean  of  twelve  experiments  gave  : — 

Per  Cent. 
Carbon  monoxide  ...         ...       none. 

Carbon  dioxide 32 

Marsh  gas  none. 

Nitrogen 68 

In  the  case  of  carbonite  the  large  percentage  of  inflammable  gases  pro- 
duced is  very  marked,  and  if  the  tap  at  the  side  of  the  cylinder  be  turned  and 
a  light  apphed,  the  issuing  gas  will  burn  with  a  characteristic  pale  blue  flame. 

On  studying  the  above  experiments,  one  is  struck  with  one  or  two 
remarkable  facts.  Firstly,  in  carbonite  the  carbonaceous  material  is  added 
to  damp  down  the  temperature  ;  and  in  roburite,  the  nitrate  of  ammonia, 
which  is  the  oxidizing  substance,  accomplishes  the  same  purpose,  and  any 
further  addition  of  this  oxidizing  substance  would  tend  to  still  further 
lower  the  temperature,  for  whilst  the  temperature  of  detonation  of  dinitro- 
chlorbenzol  is  above  3,000  degs.  Fahr.,  that  of  nitrate  of  ammonia  is  only 
1,827  degs.  Fahr.     Fin-ther,  the  damping  down  of  the  temperatm'e  by 
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means  of  wood-meal  results  in  the  production  of  the  poisonous  gas  carbon 
monoxide :  1  per  cent,  in  air  making  it  totally  unfit  to  breathe.  With 
roburite,  on  the  other  hand,  the  nitrate  of  ammonia  would,  by  increasing 
the  amount  of  available  oxygen,  prevent  the  formation  of  any  carbon 
monoxide,  and  thus  help  to  keep  the  products  of  combustion  as  harmless 
as  possible. 

Since  chemical  combustion,  as  illustrated  in  the  case  of  the  decom- 
position of  explosives,  is  always  accompanied  by  heat,  and  as  such  heat  is  a 
necessai-y  factor  in  the  economy  of  explosives,  in  that  by  greatly  expanding 
the  gaseous  products  of  explosion  at  the  moment  of  detonation  it  adds  to 
their  efficiency,  it  then  becomes  a  question  what  limit  must  be  taken  to 
ensure  perfect  safety  when  firing  in  fieiy  or  dusty  mines.  The  greatest 
danger  that  can  be  apprehended  is  the  possibility  of  a  blown-out  shot  into  an 
explosive  mixture  of  air  and  coal  gas,  and  here  the  means  of  safety  lie  in 
using  an  explosive  which  can  only  be  exploded  by  detonation,  the  detona- 
tion to  be  at  as  low  a  temperature  as  possible  and  the  shot  being  effectively 
tamped.  It  is  here  also  that  the  value  of  purely  detonating  substances 
shows  itself,  as  the  detonation  of  such  takes  place  in  an  infinitesimally 
small  space  of  time  compared  with  that  of  gunpowder  or  other  explosives 
in  which  a  detonating  compound  and  a  combustible  mixture  are  blended 
together.  In  dusty  mines,  the  low  temperature  of  detonation  is  again 
necessary,  although  the  limit  may  be  raised  somewhat  as  compared  with 
fire-damp.  From  numerous  experiments  it  has  been  proved  that  a  blown- 
out  gunpowder  shot,  even  when  the  cartridge  had  been  tamped,  almost 
invariably  ignited  a  mixture  of  air  and  suspended  coal-dust,  whilst  with  an 
explosive  like  roburite,  even  when  untamped,  blown- out  shots  had  no 
effect  whatever.  The  question  therefore  simply  resolves  itself  into  one  of 
temperatm'e  and  duration  of  time  of  detonation. 

To  summarize  briefly,  whatever  is  done  in  the  futm'e  for  coal-mining 
purposes  must  tend  to  the  use  of  those  explosives  whose  temperature  of 
detonation  shall  be  as  low  as  possible,  and  which  shall  not  yield  poisonous 
or  combustible  gases  after  complete  detonation.  \ 


The  President  invited  discussion.  Perhaps  Professor  Bedson  might 
have  some  remarks  to  offer  ? 

Professor  P.  Phillips  Bedson  said  he  was  very  much  interested  in 
the  experiments  described  by  Mr.  Orsman,  and  he  believed  they  were  of 
the  greatest  possible  value  from  a  theoretical  and  also  from  a  practical 
point  of  view,  because  in  those  experiments  they  had  some  data  upon 
which  to  reason  in  trying  to  explain  the  action  of  explosives  when  used 
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in  coal  mines.  Of  course  they  knew  from  a  theoretical  point  of  view  what 
should  take  place  when  substances  like  roburite  or  carbonite  were  deto- 
nated, but  in  the  present  results  they  had  a  demonstration  of  what  actually 
did  take  place.  There  were  one  or  two  points  in  the  paper  of  esjDecial 
interest  to  himself.  First,  the  production  of  carbon  monoxide,  observed 
in  the  explosion  of  carbonite.  This  production  of  carbon  monoxide 
lends  considerable  support  to  the  view  first  advanced  by  Professor  Dixon 
ia  connexion  with  the  formation  of  carbon  monoxide  when  roburite 
was  used  iu  coal  mines.  Professor  Dixon  had  pointed  out  that  when 
roburite  was  exploded  in  coal,  a  certain  amount  of  carbon  monoxide 
was  produced,  whereas  if  it  were  exploded  as  in  these  experiments,  under 
conditions  totally  different,  where  there  was  no  carbonaceous  material 
surrounding  the  heated  gases,  no  such  formation  of  carbon  monoxide  was 
observed ;  and  he  (Professor  Bedson)  had  found  that  carbon  monoxide  was 
formed  in  using  roburite  under  ordinary  working  conditions  in  a  coal 
mine,  and  he  had  now  no  doubt  in  his  own  mind  that  it  was  produced 
by  the  action  of  the  heated  carbon  dioxide  upon  the  coal.  So  that  it  was 
extremely  probable  that  carbon  monoxide  would  be  produced  in  using 
any  explosive  in  coal,  if  carbon  dioxide  be  one  of  the  products  of  the 
detonation.  With  respect  to  the  relative  value  of  the  different  explo- 
sives as  shown  by  the  experiments,  there  could  be  no  doubt  that  an 
explosive  like  carbonite,  which  yielded  combustible  and  deleterious  gases, 
would  not  be  chosen  iu  preference  to  an  explosive  like  roburite,  which, 
as  Mr.  Orsman  had  found,  when  exploded  under  those  conditions  which 
might  be  called  perfect  and  unmixed  conditions,  gave  no  carbon  mon- 
oxide at  all.  And  he  imagined  that  ammonite  would  be  found  similarly 
to  give  nothing  but  carbon  dioxide  and  nitrogen.  Another  point  he  would 
like  to  refer  to  was  the  contention  of  Mr.  Orsman,  that  explosives  con- 
taining nitric  ethers,  Uke  the  so-called  nitro-glycerine  and  gun-cotton, 
could  not  be  compared  for  stabiUty  with  explosives  containing  as  their  de- 
tonating compound  bodies  like  dinitro-chlorobenzine  or  nitrato-naphtha- 
lene,  which  were  of  a  much  more  stable  form  of  compound.  And  those 
who  had  had  any  experience  with  gun-cotton  knew  that  it  was  liable  on 
getting  moist  to  spontaneous  decomposition,  a  result  most  likely  to 
occur  with  exj^losives  which  had  gun-cotton  and  nitro-glycerine  as  their 
essential  constituents.  He  would  look  forward  with  pleasure  to  the 
experiments  which  Mr.  Orsman  promised  them  after  the  meeting. 

Mr.  "W.  C.  Blackett  observed  that  Mr.  Chicken  only  dealt  with 
ammonite  in  his  paper  as  compared  with  roburite.  Had  Mr.  Orsman 
experimented  with  ammonite  ?  and  if  so,  had  any  practical  results  from 
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those  experiments  led  him  to  believe  that  Professor  Bedson  was  correct 
in  saving  that  ammonite  was  like  roburite  in  its  safe  properties  ? 

Mr.  A.  L.  Steavexson  said  the  only  fault  he  had  to  find  with  both 
these  papers  was  that  they  were  rather  too  short.  He  would  have  liked 
them  to  have  gone  imther  into  the  matter.  So  far  as  he  could  see,  Mr. 
Chicken  only  recorded  a  single  experiment,  and  it  did  not  do  to  risk  too  much 
on  one  experiment.  He  would  recommend  that  more  should  be  conducted. 
The  same  remark  in  a  measure  applied  to  Mr.  Orsmau's  very  excellent 
paper,  which  only  dealt  with  carbonite,  gelignite,  tonite,  and  roburite. 
He  had  not  had  the  benefit  of  hearing  what  Professor  Bedson  had  said, 
but  no  doubt  with  that  gentleman's  advice  and  recommendation,  papers 
of  this  kind  would  be  more  interesting  than  those  they  had  been  in  the 
habit  of  reading.  In  many  stones,  only  common  blasting  powder  would 
serve.  At  Messrs.  Bell  Brothers'  mines,  in  Cleveland,  veiy  little  short  of  a 
ton  of  powder  was  used  every  day,  and  they  had  tried  eveiy  kind  of  explosive 
they  could  lay  their  hands  on.  Within  the  last  fortnight  a  representative 
of  one  of  the  new  preparations  had  been  down  with  something  he 
thought  would  do  the  work — "  bellite  " — but  the  result  was  the  same 
as  it  always  had  been.  He  had  been  working  forty  years  in  Cleve- 
land, but  there  was  nothing  that  would  touch  common  blasting  powder. 

Mr.  Saville  Shaw  said  there  was  one  point  on  which  he  would  like 
to  ask  Mr.  Orsman's  explanation.  It  was  in  regard  to  roburite,  which 
was  stated  in  the  paper  to  be  a  mixture  of  dinitro-benzene  and  ammonium 
nitrate.  Xow,  it  was  stated  that  the  ammonium  nitrate  was  added  in 
order  to  lower  the  temperature  of  the  detonation.  He  (Mr.  Shaw)  always 
understood  that  ammonium  nitrate  was  present  in  roburite  simply  to  supply 
oxygen  for  the  combustion  of  the  other  constituent,  dinitro-benzene; 
and  from  the  experiments  of  the  French  Commission  it  appeared  that 
the  addition  of  ammonium  nitrate  to  an  explosive  tended  not  to  lower 
the  temperature  of  detonation,  e.g.,  octonitric  cotton,  but  to  raise  it  some 
200  degs.  He  therefore  did  not  quite  understand  why  the  addition  of 
ammonium  nitrate  was  referred  to  as  having  only  a  lowering  effect. 

Mr.  Orsmax  hoped  there  would  be  more  discussion,  for  the  subject 
opened  up  a  wide  field  of  thought,  and  many  no  doubt  held  views 
different  to  those  they  had  heard  expressed  in  the  paper.  He  had  tried 
ammonite  and  every  other  explosive,  but  he  had  only  given  in  the  paper 
four  typical  explosive  substances  which  represented  nearly  every  explosive 
in  use.  Ammonite  would  give  the  same  kind  of  result  as  roburite,  i.e., 
carbon  dioxide  and  nitrogen,  but  not  carbon  monoxide,  simply  because 
there  was  an  excess  of  nitrate  of  ammonia,  which  gave   an  excess  of 


DISCUSSION — EXPERIMENTS    WITH   EXPLOSIVES.  17 

oxidizing  material ;  but  he  had  at  the  same  time  found  in  comparing 
roburite  with  ammonite,  that  the  ammonite  was  rather  more  difficult  to 
detonate  than  roburite.  It  seemed  to  be  a  more  inert  substance,  and  had 
to  be  confined  very  much  indeed  before  one  could  get  perfect  combustion, 
and  several  times  in  the  cylinder,  even  when  completely  confined,  only  a 
part  of  the  cartridge  exploded.  In  such  cases  carbon  monoxide  had  been 
formed,  but  had  not  exceeded  5  per  cent,  of  the  total  volume  of  gas.  It 
was  perhaps  bad  form  on  his  part  to  criticize  Mr.  Chicken's  paper,  but  he 
(Mr.  Orsman)  had  made  a  large  number  of  similar  experiments,  and  he 
thought  no  paper  should  be  submitted  to  a  society  unless  conclusions  were 
drawn  from  a  large  number  of  experiments.  It  was  wrong  to  submit  a 
single  experiment.  For  example,  he  had  tried  with  a  percussive  appa- 
ratus 30  feet  high,  and  with  a  drop  of  29  feet  he  had  got  no  explosion, 
but  with  a  drop  of  2  feet  an  explosion  immediately  occuiTed.  He  had 
tried  ammonite  at  30  feet  without  any  result,  whereas  6  feet  had  resulted 
in  an  explosion.  He  had  obtained  an  explosion — and  it  must  here  be 
clearly  understood  that  the  term  "explosion"  refers  simply  to  the  decom- 
position of  the  portion  immediately  struck  by  the  hammer,  due  to  the 
high  temperature  j^roduced,  and  must  not  be  confused  with  the  term 
detonation — with  nearly  every  substance  containing  nitrate  of  ammonia, 
and  it  occurred  to  him  that  if  these  would  explode,  why  not  try  nitrate 
of  ammonia  itself  ?  Nobody,  probably,  would  have  expected  it,  but  he 
could  assure  them  that  he  had  got  it  to  explode  time  after  time  from 
heights  varying  from  4  to  10  feet.  He  therefore  thought  the  results  of 
tests  were  of  no  value  unless  they  knew  what  happened  with  the  com- 
ponent substances,  and  not  only  so,  but  they  must  have  a  large  number 
of  experiments  before  they  could  gather  a  conclusion,  and  unless  they  had 
a  large  number  he  would  ask  them  to  look  with  suspicion  upon  the 
results.  The  decomposition  of  nitrate  of  ammonia  was  very  uncertain ; 
sometimes  it  would  not  take  place  at  all,  and  at  others  it  would  occur 
very  easily.  He  could  drop  a  weight  10  feet  and  get  an  explosion,  and 
at  a  similar  height  get  no  explosion,  simply  by  varying  the  method  of 
carrying  out  the  experiment,  such  as  an  accidental  vibration  of  the  weight 
as  it  fell,  so  that  the  head  did  not  fall  flat,  or  by  increasing  the  layer  of 
explosive ;  hence,  such  experiments  must  be  done  carefully  and  exactly, 
and  must  be  tried  time  after  time  before  attempting  to  give  any  results 
at  all  worth  discussion.  With  regard  to  octonitric  cotton,  when  it  was 
detonated  by  itself  carbon  monoxide  was  formed,  and  the  addition  of 
nitrate  of  ammonia  produced  totally  different  results  from  the  detonation 
of  octonitric  cotton  alone.    In  such  a  case,  the  addition  of  nitrate  of  am- 
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monia  would  raise  the  temiierature  of  detonation  until  there  was  an 
amount  of  nitrate  of  ammonia  present  sufficient  to  completely  oxidize 
the  products  of  combustion,  any  further  addition  after  this  would  then 
tend  to  lower  the  temperatm-e  of  detonation.  But  with  those  substances 
which  gave  the  highest  products  of  combustion,  such  as  touite,  roburite, 
and  that  class  of  explosives  in  which  they  had  an  excess  of  oxidizing 
material,  the  presence  of  nitrate  of  ammonia  had  the  result  of  damping 
down  the  temperature  considerably,  and  they  got  a  lower  temperature  of 
explosion.  He  did  not  think  there  was  anything  else  to  say  on  his 
paper,  but  in  regard  to  that  of  Mr.  Chicken  he  would  like  to  ask 
whether  in  the  last  experiment  any  allowance  was  made  for  the  fulminat- 
ing substance  ?  Mr.  Chicken  simply  stated  that  he  put  5  grammes  of 
the  explosive  in  the  mortar,  and  fired  it  with  1  gramme  of  fulminate  of 
mercury.  Was  any  deduction  made  for  tliis  which  would  amount  to  20 
per  cent,  of  the  quantity  of  the  explosive  ?  The  only  way  in  which 
roburite  and  similar  compounds,  such  as  ammonite  and  other  substances 
containing  nitrate  of  ammonia,  could  deteriorate,  was  by  damp.  If  the 
explosive  was  kept  air-tight  no  deterioration  could  take  place.  He  had 
some  now  which  he  had  kept  for  three  years  wrapped  in  paper  coated 
with  paraffin,  and  it  was  as  good  now  as  when  made. 

Mr.  L.  W.  Chicken  said,  in  reply  to  Mr.  Orsman,  that  the  theory  of 
vibration  with  the  finger  was  out  of  the  question  in  the  experiments  he 
referred  to,  because  the  man  was  at  least  ten  yards  away  from  the  place. 
With  regard  to  the  5  grammes,  he  (Mr.  Chicken)  was  very  particular 
in  ascertaining  that  in  each  case  the  mortar  was  thoroughly  cleaned  out, 
and  only  5  grammes  as  a  charge  put  in. 

Mr.  A.  L.  Steavenson  said  that  so  far  as  flame  was  concerned,  he 
entirely  agreed  with  Mr.  Chicken.  To  test  the  different  explosives  for 
flame,  he  had,  as  they  knew,  tried  them  in  a  quarry  of  stone  on  a  dark 
night.  He  generally  got  a  flame,  but  he  had  not  yet  seen  any  flame 
from  carbonite.     He  had  not  tried  ammonite. 

The  Chairman  said,  that  as  no  further  remarks  were  offered,  it  would 
perhaps  be  better  to  close  the  discussion  for  that  day,  but  they  would,  he 
was  sure,  thank  Mr.  Orsman  and  Mr.  Chicken  for  their  interesting  papers 
and  the  additional  information  which  they  contained  on  the  subject  of 
explosives.  If  they  could  find  an  explosive  which  would  suit  their  friend, 
Mr.  Steavenson,  and  his  fiery  mines,  and  also  render  theii'  coal  mines  safe, 
they  would  all  be  satisfied.  They  would  join  him  in  according  their 
thanks  to  the  writers  of  the  papers. 

The  vote  of  thanks  was  carried  by  acclamation. 
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DISCUSSION  ON  MR.  M.  DEACON'S  PAPER  ON  "  COMPARA- 
TIVE EXPERIMENTS  UPON  A  CAPELL  AND  A  SCHIELE 
FAN,  WORKING  UNDER  SIMILAR  CONDITIONS,"  AND 
MR.  M.  WALTON  BROWN'S  PAPER  ON  "  THE  WADDLE 
PATENT  (1890)  FAN." 

Mr.  William  Cochrane  said  he  had  intended  to  give  close  attention 
to  the  subjects  of  these  papers,  but  he  had  been  unfortunately  prevented 
from  doing  so.  The  Waddle  improved  divergent  periphery,  after  all, 
was  only  an  open  running  fan.  The  inventor  said  he  had  proved,  after 
testing  one  fan  with  and  without  the  divergent  outlet,  viz.*: — "After 
applying  the  divergent  outlet,  they  found  an  increase  in  the  volume 
produced  and  power  utilized  of  about  20  per  cent."  That  would  bring 
the  old  Waddle  fan  down  to  about  50  per  cent.  The  objections  to  open 
ninning  fans  were  still  there,  though  it  had  the  divergent  outlet,  and  if 
Mr.  Waddle  would  adopt  the  principle  which  had  been  shown  in  the 
Transactions  of  this  Institute  to  be  the  correct  one  and  enclose  the  fans 
for  exhaust  purposes  he  would  get  another  25  per  cent.  He  could  not 
understand  this  perseverance  with  open  running  fans  and  he  could  only 
refer  them  to  the  many  discussions  there  had  been  before  this  Institute 
and  others  as  to  the  necessity  of  enclosing  exhaust  as  well  as  forcing  fans. 
He  called  attention  to  the  adoption  by  Mr.  Capell  of  the  Guibal  evasee 
chimney.  Mr.  Capell  says  he  has  results  showing  that  the  formula  for 
water-gauge  is  not  V^  -=-  2^^  but  V^  -f-  g,  and  he  had  gone  so  far  as 
to  say  that  his  fan  could  produce  such  different  results  to  any  other  fan 
or  apparatus  that  100,000  cubic  feet  of  air  required  5  inches  of  water- 
gauge  to  circulate  it  in  a  mine,  his  fan  only  required  i  inches.  Mr. 
Capell  said  :t  "  With  regard  to  the  gauge  on  a  mine  being  invariable 
(the  quantity  of  air  that  could  be  passed  at  a  given  gauge  on  the 
mine  being  invariably  the  same  with  every  fan),  he  had  stated  five 
years  ago  his  conviction,  from  experiments,  that  such  was  not  the  case  ; 
that  fans  had  local  power  of  creating  gauge,  and  that  the  local  power 
of  creating  gauge  was  different  in  different  fans,  and  some  fans  had  the 
power  of  throwing  their  gauge  farther  back  into  the  mine  than  others." 
And  a  little  further  on  he  stated  that  "at  1-inch  gauge  the  Capell  fan 
passed  14,128  cubic  feet  of  air ;  the  Guibal  at  1^  inches,  14,508." 
All  he  (Mr.  Cochrane)  could  say  was  that  such  observations  as  these 

*  Transactions  of  the  Federated  Institvtum  of  Mining  Engineers,  vol.  ii.,  p.  176. 
t  Ibid.,  p.  219. 
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requii-ed  repeating,  aud  the  cautiou  they  had  had,  that  one  exi^eriiuent 
was  not  worth  recording  at  all,  should  be  repeated  here.  He  was  not 
discussing  the  pomt  as  to  whether  Capell  or  Waddle  or  Schiele  might 
succeed  in  producing  as  srood  results  as  Guibal,  but  he  did  want  to 
questiou  experiments  which  showed  that  the  whole  theory  of  mine  venti- 
lation was  subject  to  a  particular  system  of  fan  gear,  in  order  to  make 
out  that  it  was  doing  better  work  than  others.  He  would  only  add, 
be  careful  how  they  recorded  such  observations,  as  to  notice  them  and 
draw  comparisons  from  them  was  only  a  waste  of  time. 

Mr.  A.  L.  Steavexsox  said  that,  if  some  of  the  gentlemen  who  had 
taken  part  iu  the  discussion  at  Chesterfield  on  this  subject  had  read  a 
little  work  by  Murgue,  they  would  have  been  better  informed  of  the  laws 
which  governed  these  matters.  At  that  meeting  Mr.  Crighton  had  drawn 
attention  to  some  comparisons  made  between  a  Oapell  and  a  Schiele  fan, 
the  Schiele  being  stated  in  one  case  "  to  have  produced  43,699  cubic  feet 
of  air  per  minute,  with  a  water-gauge  of  1  inch  in  the  fan  drift  and  "45 
down  below  at  the  separation  doors :  and  in  the  next,  the  Capell  fan 
produced,  under  the  same  conditions  and  on  the  same  pit,  60,084  cubic 
feet  of  air  per  minute  with  a  water-gauge  of  1  inch  in  the  fan  drift  and 
•7  below."  No  doubt  this  was  quite  possible,  the  simple  reason  being  that 
the  Capell  fan  was  over  12  feet  6  inches  in  diameter  and  the  Schiele 
only  5  feet.  How  was  it  possible  to  expect  one  to  swallow  as  much  as  the 
other  ?  And,  then,  it  was  put  down  as  comparative  testing  I  They 
might  as  well  put  down  a  small  coffee  mill  and  test  it  against  a  grinding 
mill.  But  they  got  back  to  this  fact — they  did  not  need  to  put  two  fans 
on  one  mine.  If  they  calculated  the  equivalent  orifice  they  had  only  to 
calculate  the  quantity  of  au-  and  take  into  account  the  conditions  of  the 
mine.  Mr.  Crighton  in  his  remarks  seemed  to  think  the  experiments 
were  wrong,  but  they  were  quite  right.  It  was  only  that  they  did  not 
grasp  the  conditions  under  which  they  were  made  and  the  circumstances 
that  were  operating.  It  was  nonsense  to  compare  a  5-feet  fan  with  one 
12^  feet  in  diameter.  Professor  Lupton,  too,  seemed  to  be  still  in  the 
dark  on  the  same  point :  "  Mr.  Deacon's  paper  was  one  of  the  most  useful 
aud  instructive  papers  ever  put  before  the  Institute."  But  how  could 
Prof.  Lupton  say  that  when  he  was  comparing  5  feet  with  12^  ?  Further : 
"  He  should  like  to  point  out  that  the  water-gauge,  as  indicated  at  the 
fan  drift  and  the  doors  at  the  bottom,  showed  a  remarkable  amount  of 
shaft  friction,  to  say  the  least  of  it."  Shaft  friction  had  nothing  to  do 
with  it.  It  might  diminish  the  quantity  of  air  going  through  the  fan 
itself,  but  it  had  nothing  to  do  with  the  water-gauge  on  the  surface. 
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Again,  Professor  Lupton  said :  "  In  the  Gruibal  fan,  which  Mr.  Robert 
Howe  had  so  thoroughly  described,  the  actual  water-gauge  was  from  20 
per  cent,  to  30  j^er  cent,  higher  than  the  theoretical  water-gauge,  accord- 
ing to  the  way  in  which  it  was  worked  and  according  to  the  quantity  of 
air  passing  through.  He  did  not  mention  that  as  necessarily  giving  high 
useful  effect,  but  as  giving  a  high  water-gauge."  That  raised  another 
point  in  regard  to  comparing  the  Guibal  with  the  Capell.  V^  -j-  ^  was 
only  to  be  applied  to  the  Guibal,  because  with  the  chimney  they  utilized 
the  impulse  of  the  air  after  leaving  the  blades;  with  the  othei's  they 
should  use  a  formula  of  V^  -f-  '2ij.  He  (Mr.  Steavenson)  would  only 
add  that  for  many  years  Mr.  Cochrane  and  he  fought  over  this  fnn 
question,  whereas  these  gentlemen  seemed  to  think  it  was  something  quite 
new.  They  were  getting  on  the  shady  side  of  life,  but  they  felt  somewhat 
surprised  when  people  ignored  their  work  altogether.  He  had  given  up 
taking  an  interest  in  it,  because  sufficient  care  was  not  now  taken  with 
the  experiments.  A  single  revolution  with  a  40-feet  fan  made  a  great 
deal  of  difference.  Mr.  Cochrane  and  he  once  went  to  Wigan,  where  it  was 
stated  a  fan  gave  77  per  cent.,  but  when  they  got  there  they  found  it 
was  only  something  like  55  per  cent.,  which  was  all  dependent  upon 
accurate  measurement. 

Mr.  M.  Walton  Beown  said  that  the  experiment  upon  the  two 
fans  at  the  Shirland  Colliery  were  alleged  to  have  been  made  under  pre- 
cisely similar  conditions.  He,  however,  was  strongly  of  opinion  that 
some  change  had  been  made  in  the  resistances  of  the  mine,  or  that  the 
experiments  had  not  been  made  with  necessary  accuracy.  Thus,  if 
experiments  2  and  5  upon  the  Ca})ell  fan  be  compared,  they  showed  that 
the  water-gauge  fell  "25  inch,  and  the  volume  increased  by  2,359  cubic 
feet  per  minute,  when  the  speed  was  increased  Ijy  two  revolutions.  In 
experiments  3  and  5,  the  volumes  of  air  were  almost  identicai  for 
209  and  197  revolutions,  and  water-gauges  of  3"70  and  3*00  inches 
respectively;  and  in  exjiieriments  4  and  6,  there  was  increase  of  3| 
revolutions  per  minute,  accompanied  by  a  fall  of  water-gauge.  The 
comparison  made  between  the  fans  was  scarcely  a  fair  one,  as  he  under- 
stood that  the  Schiele  fan  was  an  old  one  considerably  out  of  repair, 
while  the  Capell  fan  was  new  and  in  its  most  perfect  condition.  He  also 
objected  to  the  comparison,  as  the  Schiele  fan  was  only  5-feet  diameter, 
with  an  inlet  area  of  12*6  square  feet,  while  the  Capell  fan  was  12^-feet 
diameter,  with  an  inlet  area  of  42*2  square  feet.  The  comparison  of  the 
volumes  produced  by  the  two  fans  appeared  to  confirm  his  opinion  that 
the  Schiele  fan  was  too  small  to  pass  the  volume  of  air,  and  that  the 
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conditions  of  the  mine  and  the  resistances  had  been  varied  during  the 
course  of  the  experiments.  Mr.  M.  Deacon,  in  the  discussion  at  Sheffield, 
admitted  that  in  experiment  5,  the  separation  doors  were  slightly  open, 
and  the  resultant  increase  in  the  volume  of  air  and  reduction  of  the 
density  of  the  air  had  previously  led  him  (Mr.  Bro^vn)  to  consider  that 
the  resistance  had  been  modified  in  this  experiment.  An  idea  of  the 
appropriateness  of  the  fans  for  the  mine  was  afforded  by  the  ratio  a  -^  o, 
in  which  a  was  the  equivalent  orifice  of  the  mine,  and  o  that  of  the 
fan.  The  experiments  at  Shirland  Colliery  showed  that  the  equivalent 
orifice  of  the  mine,  during  the  experiments  upon  the  CapeU  fan  was 
(say)  22  square  feet,  and  during  the  experiments  upon  the  Schiele  fan 
it  appeared  to  be  about  16  square  feet.  The  equivalent  orifice  of  the 
Schiele  fan  would  be  about  10  square  feet,  and  of  the  Capell  fan  about 
30  square  feet.  The  values  of  the  ratio  a  -=r  o  would  therefore  be  in  the 
case  of  the  Capell  fan  about  '1,  and  for  the  Schiele  fan  about  1*6.  These 
figures  clearly  proved  to  his  mind  that  the  Schiele  fan  was  much  too 
small  for  the  resistances  of  the  mine,  and  was  running  under  unfavour- 
able conditions,  and  the  resistances  of  the  fan  to  the  passage  of  the  air 
would  necessarily  reduce  the  efficiency.  In  the  case  of  the  Capell  fan  the 
value  was  less  than  unity,  and  while  not  as  low  as  it  might  have  been  it 
represented  a  fair  working  ratio. 

The  President  said  that  concluded  the  business  of  the  day.  They 
were  glad  to  have  had  this  discussion  on  fans  continued,  but  he  was 
afraid  they  could  get  to  no  satisfactory  conclusions  until  they  could  try 
them  all  at  the  same  pit  and  under  the  same  conditions.  The  inventors 
of  the  different  kinds  of  fans  would  never  give  in  until  they  could  have 
a  comparison  of  that  kind,  which  he  feared  was  very  remote. 

Correspondence. 

Mr.  M.  Deacon,  replying,  said  that  the  criticisms  of  Messrs.  A.  L. 
Steavenson  and  M.  Walton  Brown  appeared  to  have  been  directed  more 
to  the  title  of  the  paper  than  to  the  actual  results  of  the  experiments. 
They  both  objected  to  the  word  "comparative,"  but  if  they  would  carefully 
read  the  opening  paragraph  of  the  paper  they  would  see  at  once  that  the 
comparison  consists  in  the  two  fans  working  on  the  same  "air- ways, 
shafts,  and  drift,  and  driven  by  the  same  engine."  It  is  apparent  upon 
the  face  of  it  that  the  word  comparative  does  not  apply  to  the  fans  them- 
selves being  either  similar  in  size  or  capacity.  If  the  term  comparative 
is  only  to  be  applied  to  experiments  on  fans  of  equal  dimensions  it  will 
be  a  very  rare  occurrence  that  one  fan  may  be  compared  with  another. 
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The  title  is,  in  the  writer's  opinion,  quite  correct,  the  experiments  being 
clearly  comparative  between  the  one  fan  and  the  other.  No  conclusions 
are  drawn  in  the  paper  as  to  this  particular  Schiele  fan  being  a  typical 
one.  The  experiments  were  made,  as  stated  in  the  title,  "  under  similar 
conditions,"  so  far  as  the  conditions  of  the  mine  were  concerned,  and  it 
will  possibly  be  difficult  to  meet  with  conditions  which  are  more  entitled 
to  the  term  "similar"  than  in  this  case.  It  is  interesting  to  note  that 
Messrs.  Steavenson  and  Brown  disagree  as  to  the  accuracy  of  the  experi- 
ments. The  former  said  "  they  were  quite  right ; "  the  latter  was  "  strongly 
of  the  opinion  that  some  change  had  been  made  in  the  resistances  of  the 
mine,  or  that  the  experiments  had  not  been  made  with  necessary  accuracy." 
No  alteration  having  been  made  in  the  resistance  of  the  mine  (except  in 
the  case  of  No.  5  experiment,  when  the  separation  doors  were  opened  for 
the  purpose  of  ascertaining  the  volume  of  air  and  the  efficiency  of  the 
Capell  fan  with  exactly  3  inches  of  water-gauge,  a  note  of  which  was 
inadvertently  omitted  in  the  table,  but  of  which  Mr.  Brown  admits  he 
was  aware),  it  follows  that  Mr.  Brown's  "strong  opinion"  is  absolutely 
antagonistic  to  Mr.  Steavenson's  opinion.  Mr.  Steavenson  says  that 
shaft  friction  had  nothing  to  do  with  the  difference  between  the  water- 
gauge  at  the  pit  bottom  and  at  the  surface.  Does  he  mean  to  state  that  a 
restricted  air-way  wUl  not  give  a  higher  water-gauge  than  one  that  is  not 
restricted,  the  same  power  being  applied  in  each  case  ?  If  so,  a  water- 
gauge  should  indicate  the  same  depression,  for  equal  speeds  of  a  fan, 
whatever  the  condition  or  length  of  the  air- ways  of  a  mine ;  and  this  is 
quite  contrary  to  theory  and  experience.  Mr.  Steavenson  is  evidently 
not  aware  of  the  value  attached  to  the  work  of  himself  and  Mr.  Cochrane, 
or  he  would  not  refer  to  people  ignoring  their  work.  Mr.  Brown  has 
compared  experiments  Nos.  2  and  3  with  No.  5,  as  if  the  conditions  were 
similar,  yet  he  admits  that  he  is  aware  they  were  different ;  and  the  fact 
that  in  No.  5  the  separation  doors  were  opened  for  a  special  purpose  clearly 
explains  the  results  obtained.  He  also  compared  Nos.  4  and  6  experiments. 
In  this  case  there  is  no  doubt  a  slight  anomaly,  which  the  writer  can  only 
explain  by  saying  that  practical  tests  do  not  as  a  rule  agree  mathematically 
with  theoretical  calculations.  When  they  do,  there  is  room  for  doubt  as  to 
the  truthfulness  of  the  experiments.  His  information  that  the  Schiele  fan 
was  out  of  repair  is  incorrect,  and  if  there  were  any  advantage  or  disad- 
vantage in  the  age  of  the  fans  the  Schiele  had  the  best  of  it,  inasmuch 
as  it  had  been  running  for  some  years,  whilst  the  Capell  was  new  and 
not  thoroughly  bedded  in  its  bearings.  In  conclusion,  it  may  be  repeated 
that  the  experiments  were  conducted  with  the  greatest  possible  accuracy, 
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not  only  in  the  measurement  of  the  air  by  two  specially  corrected 
anemometers,  the  mean  being  taken,  but  in  the  taking  of  the  diagrams, 
for  which  purpose  two  specially  tested  springs  were  used,  the  mean  being 
taken,  and  in  the  position  of  the  water-gauge,  and  with  the  experience 
of  twenty  years  in  the  careful  testing  of  fans.  The  results  obtained  by 
the  Ca}3ell  fan  are  no  doubt  highly  satisfactory,  and  exceeded  the 
writer's  expectations,  but  they  are  a  long  way  behind  the  results  obtained 
by  Mr.  C.  E.  Rhodes  on  the  East  Howie  fan  (81  per  cent,  efficiency)  as 
given  by  him  in  the  discussion  at  Sheffield. 


The  proceedings  then  terminated,  and  Mr.  Orsman  gave  some  demon- 
strations with  various  explosives,  using  the  apparatus  described  in  his 
paper. 
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NORTH    OF    ENGLAND   INSTITUTE   OF   MINING   AND 
MECHANICAL  ENGINEERS. 


GENEKAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 
December  12th,  1891. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read,  and  the  proceedings  of  the 
Council  were  reported. 


CONFERENCE  OF  DELEGATES  OF  CORRESPONDING  SOCIE- 
TIES OF  THE  BRITISH  ASSOCIATION  FOR  THE 
ADVANCEMENT    OF    SCIENCE,    CARDIFF,    1891. 

The  report  of  the  proceedings  of  the  Corresponding  Societies  Com- 
mittee of  the  British  Association  was  read,  and  the  report  of  Prof.  J.  H. 
Merivale,  the  delegate  of  this  Institute,  as  follows  : — 

Newcastle-upon-Tyne, 

August  2Sth,  isyi. 

lo  THE  Council  of  the  North  of  England  Institute. 

Deae  Sirs, 

I  represented  the  Institute  at  the  meeting  of  the  British  Association  at  CardifE, 
attending  the  Conferences  of  Delegates  held  upon  Thursday,  the  20th,  and  Tuesday, 
the  25th  of  August.  The  only  other  mining  institution  represented  was  the  Ches- 
terfield, which  was  represented  by  Mr.  Mills. 

A  full  report  will  be  handed  to  you  by  the  Secretary  of  the  conference  in 
November.  Meanwhile,  I  may  mention  the  following  items,  which  I  think  are  the 
only  ones  likely  to  interest  the  North  of  England  Institute,  viz. : — 

1.  The  want  of  some  common  centre  at  which  the  Transactions  of  all  tlie  local 
societies  may  be  consulted  has  been  long  felt,  and  the  British  Association  are  trying 
to  get  together  a  complete  set,  which  will  be  kept  for  reference  only,  at  their  offices 
in  Albemarle  Street.     If  the  North  of  England  Institute  have  not  already  presented 
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a  set  of  their  Transactions  to  the  British  Association,  I  would  suggest  that  it  should 
be  done.  It  was  also  thought  that  the  exchange  of  publications  amongst  the  various 
societies  should  be  encouraged. 

2.  A  collection  of  photographs  of  geological  phenomena  is  being  made,  and 
amateur  photographers  are  asked  to  assist.  Perhaps  some  of  our  members  may  be 
able  to  contribute  to  this. 

3.  The  work  of  one  of  the  members  of  our  Institute,  Dr.  Bedson,  upon  the 
atmosphere  of  large  towns  was  mentioned,  and  it  was  thought  that  it  would  be 
desirable  to  carry  out  and  extend  similar  experiments. 

4.  The  Earth  Tremore  Committee  is  stiU  at  work,  and  asks  for  suggestions  as  to 
the  form  of  a  cheap  recording  instrument,  communications  to  be  addressed  to  Mr. 
Davison,  the  Secretary  of  the  committee. 

I  would  draw  the  attention  of  the  members  of  the  North  of  England  Institute  to 
a  remarkable  paper  upon  the  coal  question,  read  by  Mr.  Forster  Brown,  President  of 
the  Mechanical  Section,  before  the  Economic  Section.  It  was  reported  in  full  in 
the  Times  of  Saturday  the  22nd,  and  formed  the  subject  of  a  leading  article. 

Yours  faithfully, 

JOHN  H.  MERIVALE. 

The  Secretary  stated  that  a  copy  of  Mr.  Forster  Brown's  paper  was 
in  the  Library. 


The    following    gentlemen   were    elected,    having    been    previously 
nominated  : — 

Members — 
Mr.  Collin  Cole,  Mining  Engineer,  De  Beers  Mine,  Kimberley,  S.A.R. 
Mr.  George  Stephen  Coelett,  Electrical  Engineer,  Wigan. 
Mr.  George  Edwin  James    McMurtrie,  Mining  Engineer,  Foxes  Bridge 

Colliery,  Cinderford,  Gloucestei-sliire. 
Mr.  Robert  Gates,  Mining  Engineer,  Manager,  Rajdoha  Mining  Co.,  Limited, 

via  Kalkapur  P.O.,  Dhalbhoom,  Singhbhoom.  Bengal,  India. 
Mr.  Richard  Augustine  Studdert  Redmayne,  Mining  Engineer,  Ingagane, 

near  Newcastle,  Natal,  South  Africa. 

Associate  Members — 
Mr.  Thomas  J.  Foster,  Editor,  Coal  Exchange,  Scranton,  Pennsylvania,  U.S. 
Mr.  Francis  John  Snowball,  Land  Agent,  Seaton  Burn  House,  Dudley, 
Northumberland. 

Associates — 
Mr.  Philip  Bolam.  Manager.  Beamish  Colliery,  Chester-le-Street. 
Mr.  John  Watson,  Analytical  Chemist,  19,  Bloomfield  Terrace,  Gateshead. 

Student — 
Mr.  John  James  Whitehead,  Mining  Student.  Ardeu  Lea,   Heat  on,  near 
Bolton. 
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The  following  gentlemen  were  nominated  for  election  : — 

Members — 
Mr.    Charles    Aburrow,    Engineer,    Eox    5,    Post   Office,    Johannesburg, 

Transvaal. 
Mr.  E.  H.  BULMAN,  Browney  Colliery,  near  Durham. 
Mr.  Arthur  Launcelot  Collins,  Mining  Engineer,  13,  Basinghall  Street, 

London,  E.C. 
Mr.  John  Thomas  Eobinson,  Manager  of  Mines,  Beechburn  Colliery,  Crook, 

R.S.O.,  Co.  Durham. 
Mr.  Donald  Rowan,  Colliery  Manager,  Benhar  Collieries,  Whitburn. 
Mr.  John  T.  Stobbs,  Walker  Colliery,  Newcastle-upon-Tyne. 

Associates— 
Mr.  Thomas  Bowes,  Overman,  PontopjColliery,  Lintz  Green. 
Mr.  Thomas  George  Noble,  Sacriston  Colliery,  near  Durham. 

Students — 
Mr.  Edward  Watson,  Mining  Student,  19,  Bloomfield  Terrace,  Gateshead. 
Mr.  Henry  Stevenson  Willis,  Sacriston  Colliery,  near  Durham. 


Mr.  J.  W.  Marley's  "Memoir  of  John  Marley"  was  read. 
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MEMOIR  OF  JOHN  MARLEY. 

By  his  Son,  J.  W.  MARLEY. 

John  Marley,  a  member  of  this  Institute  from  its  creation  in  1852, 
and  President  thereof  for  the  years  1888-89  and  1889-90,  was  the  youngest 
surviving  son  of  Thomas  Marley,  of  Middridge  Grange,  near  Shildon,  in 
the  County  of  Durham,  and  was  born  there  on  the  11th  day  of 
November,  1823.  After  some  years  at  Denton  School,  under  the  Rev. 
J.  Birkbeck,  he  was  early  in  the  year  1840  articled  to  Mr.  John  A. 
Forster,  of  Bishop  Auckland  (brother  of  Mr.  Thomas  E.  Forster, 
President,  1866-68).  He  next  passed  some  time  under  Messre.  George 
Hunter  and  William  Longstaff,  at  the  collieries  of  the  Marquis  of 
Londonderry,  and  then  served  and  completed  his  pupilage  (30th  April, 
1844),  under  Mr.  Edward  F.  Boyd,  President  of  this  Institute,  1869-72. 
During  these  years  John  Marley  gained  a  valuable  and  varied  experience 
in  the  working  of  Durham  collieries. 

Before  the  close  of  1844  he  had  been  appointed  lessor's  viewer  for 
two  properties  in  South  Durham,  and  had  also  been  engaged  in  railway 
surveys  under  !Mr.  John  Bourne  in  the  neighbourhood  of  Belford  and 
Kelso.  He  was  moreover  employed  for  a  short  time  in  the  same  year  in 
the  preparation  of  plans  for  the  Whitehaven  and  Furness  Railway.  In  the 
year  1845  he  was  for  some  time  employed  in  railway  surveys  under  Mr. 
John  Dixon,  the  engineer  of  the  Stockton  and  Darlington  Railway,  on 
the  Wear  and  Derweut  Junction  Railway,  and  the  Wear  Yalley  Extension 
Railway.  In  this  year  also  he  received  two  more  appointments  as  lessor's 
viewer,  and  in  the  following  year,  1846,  receiving  the  appointment  of 
resident  viewer  at  Woodifield  Colliery,  commenced  his  long  and  intimate 
connexion  with  the  firm  of  Bolckow  &  Vaughan  (now  Bolckow,  Vaughan, 
&  Co.,  Ld.).  It  is  well  known  how  that  firm  gradually  became  possessed 
of  more  collieries,  which  were  duly  developed  and  extensively  worked, 
how  limestone  quarries  were  opened  out  by  them,  and  particularly  how 
the  great  Cleveland  ii'onstone  field  was  prospected,  opened  up,  and  made 
a  commercial  success. 

In  all  this  John  Marley  had  a  great  part,  directing  the  engineering 
operations  and  having  the  responsible  charge.  At  the  end  of  1867  he  re- 
signed the  charge,  but  remained  a  consulting  engineer  to  the  company  for 
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two  years  longer.  The  most  iraportfTTit  event  during  this  period  of  his  pro- 
fessional career  was  the  "  commercial "  discovery  of  Cleveland  ironstone 
in  1850.  In  other  words,  the  discovery  of  the  main  bed  at  Eston,  near 
Middlesbrough.  The  story  is  told  in  the  very  complete  paper  on  "  Cleve- 
land Ironstone  "  that  he  read  before  the  Institute  in  1857.  Another  event 
was  in  1863,  when  in  boring  for  water  at  Middlesbrough,  the  discovery 
of  rock  salt  at  that  place  was  made  by  Messrs.  Bolckow  &  Vaughau.  A 
paper  was  read  on  that  discovery  in  the  same  year. 

During  the  years  1847-69  lie  was  also  engaged  in  reporting  on  coal 
and  other  mines  in  various  districts  of  Great  Britain,  in  arbitrations,  and 
in  the  preparation  of,  and  giving  evidence  before  Parliamentary  Com- 
mittees. In  1868  he  was  engaged  in  the  compilation  of  statistics  for  the 
Royal  Commission,  which  was  making  enquiry  into  the  extent  and 
probable  duration  of  the  British  coal-fields.  From  that  time  forward  he 
was  more  extensively  engaged  in  arbitrations,  and  in  the  inspection  of 
mining  properties,  both  in  this  country  and  abroad.  In  1870  he  formed 
the  Xorth  Brancepeth  Coal  Company,  and  was  chairman  thereof  to 
the  time  of  his  death,  and  was  also  interested  in  other  mining  under- 
takings. On  the  passing  of  the  Mines  Regulation  Act  of  1872  he  was 
appointed  a  member  of  the  Mines  Examination  Board  for  South  Durham, 
an  office  which  he  continued  to  hold  till  his  decease.  He  became  a 
member  of  the  Durham  Coal  Owners'  Association,  and  served  on  their 
chief  committees.  He  was  first  elected  a  member  of  Council  of  this 
Institute  in  1857,  and  first  elected  a  Vice-President  in  1872. 

He  contributed  the  following  papers  to  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers  : — 

1857 — "  Cleveland  Ironstone.    Outline  of  the  Main  or  Thick  Stratified 

Bed,  etc."     Trans.,  vol.  v.,  page  165. 
1863— "Coal  Mining,  etc."  (with  N.  Wood  and  J.  Taylor).     Tnms., 

vol  xii.,  page  149. 
1863 — "  On  the  Discovery  of  Rock  Salt  in  the  New  Red  Sandstone  at 

Middlesbrough."     Trans.,  vol.  xiii.,  page  17. 
1865 — "Observations  on  Safety-Cages."     Trans.,  vol.  xv.,  page  107. 
1870 — "  On  the  Magnetic  Ironstone  of  Rosedale  xlbbey,  Cleveland." 

Trans.,  vol.  xix.,  page  193. 
1889—"  On  the  South  Durham  Salt-field."     Trans.  Fed.  Inst.,  vol.  i., 

page  339. 

The  paper  written  in  1863,  in  conjunction  with  Messrs.  Nicholas 
Wood  and  John  Taylor  on  "  Coal  Mining,"  was  also  read  at  the  British 
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Association  meeting  in  that  year  at  Newcastle-upon-Tyne,  and  his  com- 
munication "  On  the  Discovery  of  Rock  Salt  in  the  New  Red  Sandstone 
at  Middlesbrough,"  was  also  read  at  the  same  meeting. 

This  forms  but  a  brief  sketch  of  the  work  of  his  professional  life. 
Illness  in  May,  1890,  curtailed  his  working  powers,  and  on  the  4th  of 
April,  1891,  he  passed  peacefully  away. 


The  President  said  that  they  should  pass  a  vote  of  thanks  to  Mr. 
J.  W.  Marley  for  his  interesting,  though  brief  account,  of  his  late 
father.  They  had  great  regard  for  Mr.  John  Marley  for  his  geniality, 
ability,  and  industry,  and  they  all  knew  how  much  he  promoted  the  welfare 
of  this  Institute.  He  had  given  them  most  valuable  papers,  and  they  all 
felt  his  loss  very  keenly. 

The  vote  of  thanks  was  adopted. 


Mr.  R.  T.  Swallow's  "  Description  of  a  Method  of  Removing  Deposits 
from  the  Inside  of  Rising  Main  Pipes  in  Shafts  "  was  read  as  follows  : — 
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DESCRIPTION    OF   A    METHOD    OF    REMOVING    DEPOSITS 
FROM  THE  INSIDE  OF  RISING  MAIN  PIPES  IN  SHAFTS. 


By  R.  T.  swallow. 


The  old  method  of  keeping  mines  free  from  water  by  the  use  of  water- 
tubs  is  now  ahuost  entirely  superseded  by  the  pump,  A  pump  with  all 
the  modern  improvements  can  be  worked  economically  :  but  as  to  the 
comparative  cost  of  pumping  water  and  that  of  drawing  water  with  water- 
tubs  the  writer  has  no  data.  Where  the  water  is  acid,  or  contains  sedi- 
mentary matter  in  suspension  (both  being  injurious  to  the  pumps),  and 
where  the  feeders  do  not  exceed  the  quantity  that  can  be  drawn  in  the 
time  available  after  coal  work,  the  water-tub  method  will  probably  com- 
pare very  favourably  with  the  pump. 

In  applying  a  pump  at  a  mine  as  a  means  of  drainage,  the  type  to  be 
adopted  will  be,  to  some  extent,  regulated  by  the  araoimt  of  accommoda- 
tion available  in  the  shaft  in  which  the  water  has  to  be  raised.  Thus,  a 
shaft  to  be  set  apart  for  pumping  purposes  alone  will  generally  be  best 
suited  for  ordinary  bucket  or  ram  sets,  worked  by  spears  from  engine 
ix)wer  at  bank  ;  but  where  the  shaft  is  already  occupied  with  cages  so 
large  as  to  preclude  the  use  of  sets,  the  only  available  plan  is  to  fix  the 
engine  or  engines  underground,  and  force  the  water  to  bank  in  one  or 
more  lifts. 

In  the  case  of  deep  mines,  where  the  water  is  forced  in  one  column 
from  the  workings  to  the  surface,  numerous  difficulties  arise,  and  the 
writer  of  this  paper  hopes  to  supply  practical  information  on  the  subject 
of  the  difficulties  met  with  in  pumping  from  deep  mines  in  one  lift,  with 
special  reference  to  the  removal  of  deposit  from  the  inside  of  rising  main 
pipes. 

A  range  of  cast  iron  pipes,  acting  as  the  rising  main,  or  delivery  for 
a  two-ram  underground  force  pump,  is  in  use  at  the  A  Pit,  Hebburn 
Colliery.  The  vertical  portion  of  the  range  consists  of  118  pipes,  each  9 
feet  long  and  12  inches  external  diameter  ;  the  internal  diameter  of  the 
lowermost  pipes  being  9  inches,  and  of  the  others  9^,  9^,  9|,  10,  and 
10|^  inches,  increasing  in  consecutive  order  towards  the  surface.     It  wiU 
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be  seen  that  the  thickness  of  metal  varies  from  1^  inches  to  |  inch. 
These  pipes  rest  upon  a  stand-pipe  5  feet  0  inches  high,  which  forms  the 
bend  between  the  horizontal  and  vertical  pipes.  The  horizontal  pipes  are 
laid  from  tlie  engine  to  the  stand-pipe  at  the  shaft,  and  are  of  the  same 
dimensions  as  the  lowermost  vertical  pipes. 

The  velocity  of  the  water  in  the  9-inch  pipes  is  about  203  feet  per 
minute.  The  quality  of  the  water  passed  through  the  pipes  will  be  seen 
from  the  following  analysis : — 

Aluminium  and  iron  oxide  ...  ...  ...  ...  0'54 

Calcium  carbonate      ...  ...  ...  ...  ...  4-ri7 

Calcium  sulphate       ...  ...  ...  fi'll 

Calcium  chloride        ...  ...  ...  ...  ...  0*12 

Magnesium  chloride  ...  ...  ...  ...  ...  8"98 

Sodium  chloride  (common  salt)  ...  ...  7'r'2G 

Deficiency      ..  ...  ...  ...  4-12 


100-00 


Water  alkaline  to  test-papers,  and  containing  1..321  grains  of 
soluble  matter  per  gallon. 

Any  reduction  in  the  inside  area  of  a  rising  main  that  has  been 
established  for  the  delivery  of  a  certain  quantity  of  water,  will  (if  the 
speed  of  the  engine  be  maintained)  greatly  increase  the  velocity  of  the 
water,  and  thereby  the  friction,  the  further  result  being  that  much 
additional  j)ressure  will  be  put  upon  every  part  of  the  engine,  pumps, 
pipes,  etc. 

In  the  case  of  the  pipes  referred  to,  it  was  found  that  a  large  quantity 
of  deposit  had  accumulated  on  the  sides  of  the  horizontal  pipes,  and  as  a 
large  number  of  joints  in  these  pipes  had  failed,  the  engine  was  laid  off, 
and  the  horizontal  pipes  cleaned  in  the  ordinary  way.  This  had  not  the 
desired  effect ;  and  attention  was  then  directed  to  the  vertical  pipes,  in 
which  no  failure  had  as  yet  occurred  (the  great  weight  of  the  pipes 
evidently  preventing  the  joints  from  being  blown  out) ;  but  it  was  quite 
evident  that  they  had  become  furred  to  an  extent  that  rendered  them 
unfit  for  the  work,  and  the  question  of  the  best  means  of  restoring 
them  to  their  former  state  presented  itself. 

About  this  time,  a  pipe  in  the  vertical  range  (the  fifteenth  from  the 
stand-pipe)  split  down  one  side  from  top  to  bottom,  and  in  the  operation 
of  removing  this  pipe  the  exact  state  of  this  one  and  of  others  was 
ascertained.  The  water-way  was  found  to  have  been  reduced  from 
9  inches  to  6^  inches,  or  from  an  area  of  63  square  inches  to  33 
square  inches,  which  would  have  the  effect  of  increasing  the  speed  of  the 
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water  at  this  point  to  about  389  feet  per  minute.  The  method  of 
replacing  the  broken  pipe  will  be  referred  to  farther  on,  but  it  may  be 
mentioned  that  this  pipe  had  been  tested  to  a  pressure  of  750  lbs.  per 
square  inch  before  leaving  the  foundry,  and  it  is  believed  that  but  for 
the  additional  pressure  arising  from  the  diminution  of  the  water-way  this 
pipe  would  have  remained  intact. 

The  broken  pipe  having  been  removed  and  a  new  one  put  in,  steps 
were  taken  towards  cleaning  the  range.  The  usual  method  adopted  in 
cases  of  furring  is  to  detach  each  pipe,  remove  it,  and  separately  clean 
it  by  passing  rods  or  tools  through  it.  As  such  a  method  would  have 
necessitated  the  stopping  of  the  pumping  engine  and  of  the  pit  for  some 
time,  besides  the  very  serious  cost  of  withdrawing  and  replacing  the 
pipes,  buntons,  etc.,  it  was  deemed  undesirable  to  attempt  such  a  process. 

To  have  put  a  duplicate  or  relief  range  into  the  shaft  could  not  have 
been  done  (at  present)  for  less  than  £1,000. 

The  idea  of  employing  an  old  winding  engine  for  the  purpose  of 
cleaning  the  pipes  as  they  stood  in  position  in  the  shaft  having  occurred, 
the  pipes  were  cleaned  in  the  following  manner  : — 

By  fixing  two  small  rope  sheaves  upon  the  pulley  frames,  the  rope 
from  the  drum  of  the  engine  was  led  into  a  position  to  hang  in  the 
centre  of  the  vertical  pipes ;  at  the  end  of  the  rope  a  specially  designed 
cutter  was  hung,  and  below  it  a  piece  of  chain,  40  feet  in  length,  and 
weighing  about  4|-  cwts.,  was  attached  to  add  weight  to  the  cutter,  so 
that  it  would  remain  in  a  vertical  position  and  be  carried  down  the  pipes 
without  trouble. 

The  tool  or  cutter  was  of  the  following  construction  : — A.  piece  of 
Low  Moor  iron,  2^-inches  diameter,  forged  hexagonal  at  the  ends, 
formed  the  centre  bar  (Figs.  1  and  2,  Plate  IX.).  This  bar  is  provided 
with  a  hole  for  a  shackle  at  each  end,  one  for  attaching  the  rope,  and 
the  other  for  the  chain.  Six  steel  springs  (Figs.  4  and  5)  are  bolted 
at  top  and  bottom  to  the  centre  bar  (Fig.  3).  The  holes  at  the  ends 
of  the  springs  differ,  one  being  round,  the  other  oblong ;  by  this  arrange- 
ment a  certain  amount  of  play  is  allowed  for  compression  in  passing 
into  the  fur  in  the  pipes.  These  springs  may  be  placed  close  to  the 
centre  bar,  as  shown  in  Fig.  3,  or,  when  required,  may  be  set  out  by 
using  washers.  Upon  each  of  these  springs  two  knives  are  fixed,  as 
shown  in  Figs.  3,  5,  and  6,  the  holes  in  the  springs  holdmg  the  knives 
being  square  to  prevent  them  turning. 

The  first  horizontal  pipe  at  the  bottom  of  the  shaft,  leading  from  the 
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engine  to  the  vertical  pipes,  having  been  removed,  the  cutter  and  chain 
were  introduced  at  the  top  of  the  pipes.  A  current  of  water  was  then  passed 
down  the  pipes  from  a  hose.  The  cutter  was  then  lowered  as  far  as  it 
would  go,  and  then  alternately  raised  and  lowered,  gradually  descending 
towards  the  bottom.  The  engine  was  worked  at  full  speed  in  lowering, 
and  was  only  stopped  when  the  rope  became  slack,  thus  the  cutting  was 
performed,  to  an  extent,  by  percussion.  When  the  chain  attached  below 
the  cutter  appeared  at  the  stand-pipe,  the  cutter  was  withdrawn  to  allow 
a  round  cast-iron  weight  to  be  attached  in  lieu  of  the  chain,  so  that  the 
cutter  might  be  the  more  easily  carried  around  the  bend  in  the  stand- 
pipe.    The  cutter  was  again  put  to  work,  and  the  stand-pipe  was  reached. 

The  time  occupied  from  the  commencement  of  the  cleaning  opera- 
tions to  the  appearance  of  the  cutter  at  the  stand-pipe  was  nine  hours. 

The  cutter  was  then  withdrawn  and  the  knives  set  out  to  the  full 
diameter  required ;  the  engine  was  then  set  away  so  as  to  work  the 
cutter  rapidly  up  and  down  the  full  length  of  the  range,  and  after  so 
running  for  a  space  of  two  and  a  half  hours,  the  water  ceased  to  indicate 
the  presence  of  sediment,  and  the  pipes  were  considered  to  be  clean. 
It  will  be  seen  that  the  cutter  was  in  use  eleven  and  a  half  hours. 

The  pereons  required  in  the  carrying  out  of  the  cleaning  process 
above  described  were: — One  engineman  and  four  men  to  watch  the  opera- 
tion, two  at  bank  and  two  underground.  The  cleaning  of  the  pipes  did 
not  interfere  with  the  use  of  the  shaft,  and  the  whole  operation  was 
carried  out  without  a  single  person  being  required  in  the  shaft. 

About  five  tons  of  deposit  were  removed  from  the  pipes,  which  had 
been  in  use  over  five  years.  In  future  the  new  process  of  cleaning, 
being  so  simple,  will  be  repeated  at  short  intervals. 

The  cost  in  connexion  with  this  work  was  trifling,  considering  the 
importance  of  restoring  a  range  of  pipes  of  such  length  to  a  condition  fit 
for  use. 

Referring  to  the  replacement  of  the  broken  pipe  previously  mentioned, 
this  work  was  performed  as  follows  : — 

Substantial  elm  balks  were  fixed,  one  immediately  above  the  broken 
pipe,  others  below,  in  such  a  manner  as  would  allow  of  their  being 
permanently  retained  in  the  shaft.  The  spaces  between  these  balks  or 
buutous  were  filled  up  by  supporting  pieces,  so  that  any  weight  put  upon 
the  uppermost  bunton  would  be  distributed,  as  far  as  possible,  through- 
out the  whole. 

Clamps  were  then  fastened  to  the  pipe  above  the  one  that  was  broken. 
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and  two  hydraulic  jacks  were  applied,  each  capable  of  lifting  100  tons. 
All  obstruction  arising  from  the  presence  of  salt,  etc.,  having  been 
removed  from  the  outside  of  the  pipes,  the  jacks  were  worked.  They 
at  first  failed  to  move  the  pipes,  probably  owing  to  the  friction  between 
the  pipes  and  the  numerous  buntons,  but  eventually  they  were  raised 
about  2  inches,  which  was  sufficient  to  allow  of  the  broken  pipe  being 
taken  out  and  a  new  one  put  in. 

The  weight  of  the  pipes,  bolts,  etc.,  lifted  (exclusive  of  friction) 
would  be  67  tons  9  cwts.,  to  which  should  be  added  the  weight  of  deposit 
not  then  removed. 


The  President  thought  the  method  described  in  the  paper  was  a  very 
simple  and  effective  means  of  disposing  of  a  difficulty  often  met  with,  and 
they  were  indebted  to  Mr.  Swallow  for  bringing  his  improved  method 
for  the  removal  of  deposits  in  pipes  before  the  members.  It  was  like  the 
machines  used  for  cleaning  chimneys — very  simple  and  very  effective. 

Mr.  T.  E.  Forster  asked  if,  when  the  pipe  mentioned  in  the  paper 
burst,  the  metal  of  the  pipe  was  fomid  to  have  been  eaten  away  by  the 
deposit,  or  had  it  merely  accumulated  on  the  surface  of  the  metal  ? 

Prof.  J.  H.  Merivale  said  the  whole  of  Mr.  Swallow's  process  was  so 
exceedingly  simple  (which  was  a  great  recommendation)  that  there  could 
be  no  criticism  upon  it.  One  point,  however,  seemed  to  be  the  possibility 
of  damaging  the  pipes,  for  as  they  decreased  in  diameter  downwards  from 
the  surface,  there  would  be  a  [edge  at  the  joint  of  each  section  of  pipes, 
and  he  was  afraid  the  cutter  might  catch  these  ledges,  and  by  breaking 
pieces  off,  weaken  them.  Was  Mr.  Swallow  in  a  position  to  say  whether 
any  bits  of  broken  metal  were  found  ? 

Mr.  H.  "White  asked  if  the  deposit  was  hard  and  stony  or  in  a  plastic 
state  ?  He  had  known  two  cases,  where  pipes  had  been  fuiTed  up,  and  he 
did  not  think  the  cutter  described  would  have  removed  the  deposit. 

Mr.  J.  A.  Gr.  Ross  said  great  credit  was  due  to  the  author  of  the  paper 
for  the  expedition  with  which  the  work  was  done  by  his  improved  system. 
It  occurred  to  him,  however,  with  reference  to  the  cause  of  the  accident  to 
the  pipe,  that  it  could  not  be  due  to  the  increased  velocity  of  water — 
from  203  to  389  feet  per  minute,  as  the  increase  of  total  pressure  requisite 
to  produce  this  increased  velocity  was  less  than  half  a  foot  head  of  water. 
He  thought  that  the  strength  of  the  pipes  rendered  it  impossible  that 
this  increased  velocity  of  the  water  could  have  any  appreciable  effect. 
He  could  not  see  that  the  skin  friction  would  be   increased,  because 
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although  the  pipe  was  smaller  in  area,  yet  the  same  quantity  of  water 
went  through  it  ;  it  therefore  seemed  to  him  that  the  skin  friction  would 
be  the  same.  He  did  not  know  the  position  in  the  rising  column  of  the 
broken  pipe,  but  if  it  was  near  the  engine  it  might  be  induced  by  the 
shock  of  changing  the  stroke  of  the  pump.  One  important  point  to  which 
he  would  direct  attention  was  that  this  deposit  was  crystalhne,  such 
as  what  they  might  expect  from  the  presence  of  carbonate  and  sulphate 
of  lime.  Crystals  in  formation  expanded  with  irresistible  force,  and  it 
occurred  to  him  that  the  formation  of  crystals  in  the  pipe  after  a  certain 
thickness  of  deposit  had  been  attained  had  to  a  considerable  extent  caused 
the  fractm-e.  It  seemed  to  him  that  the  head  of  water,  the  shock  of  the 
engine,  and  the  expansive  power  of  the  crystals  in  formation,  had  been 
the  cause  of  the  accident.  They  had  a  familiar  illustration  in  the  burst- 
ing of  water  pipes  by  the  formation  of  ice  crystals. 

Mr.  R.  T.  Swallow  said  that  when  the  deposit  was  removed  the 
interior  of  the  pipes  was  not  injured,  to  his  knowledge.  The  deposit  was 
much  softer  when  taken  from  the  pipes  than  the  dried  sample  shown,  or 
the  cutter  would  not  have  had  such  an  effect  upon  it.  Replying  to  Mr. 
Ross,  he  could  only  say  the  pipes  in  the  shaft  were  evidently  very  much 
stopped  up.  A  new  breeches  pipe  had  been  put  in  near  the  engine 
before  the  accident  occurred,  and  the  engine  was  running  at  its  regular 
speed  when  this  pipe  (2  inches  thick)  was  burst,  consequently  the  water 
must  have  encountered  great  resistance  in  the  pipe  before  one  of  them 
spht. 

Mr.  J.  K.  Guthrie  said  that  in  a  case  which  had  come  under  his 
notice  there  was  a  30-fathom  range  of  12-inch  pipes,  in  which  a  softish 
deposit,  |-inch  thick,  had  formed.  In  this  case  the  bucket  was  taken 
out,  turned  upside  down,  and  re-attached  to  the  spears,  which  were 
worked  up  and  down  with  a  3-feet  stroke  till  that  section  was  cleaned, 
the  barrel  of  the  bucket  acting  as  a  cutter  ;  then  the  spears  were  lifted 
and  the  adjacent  3-feet  length  cleaned,  and  so  on,  until  the  deposit  in  the 
30  fathoms  of  pipes  was  cleared. 

The  President  moved  a  vote  of  thanks  to  Mr.  Swallow  for  his  very 
lucid  paper. 

Mr,  Swallow,  in  acknowledging  the  vote,  said  the  application  of  the 
cutter  to  the  cleaning  of  deposits  out  of  columns  of  water  pipes  was,  he 
believed,  novel,  and  had  not  been  previously  described  in  the  Transac- 
tions, and  he  believed  that  the  system  would  be  of  some  benefit  to  other 
engineers. 
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DISCUSSION  ON  MR.  J.  BAGNOLD  SMITH'S  PAPER 
"ON  COLLIERY   DEPRECIATION." 

Mr.  J.  H.  Armstrong  (Newcastle-upon-Tyne)  said  that  there  was 
little  that  called  for  remark  in  connexion  with  Mr.  J.  B.  Smith's  paper, 
as  any  scheme  which  carried  redemption  to  proper  effect  would  meet  with 
the  approval  of  all  accountants.  Mr.  Smith's  scheme  was  good  so  far  as 
it  went,  but  perhaps  rather  elaborate,  as  the  same  results  might  be  got  at 
more  easily  without  such  difficult  calculations.  In  the  case  of  limited 
companies  he  thought,  however,  that  the  question  might  fairly  be  raised 
by  shareholders — Why  should  the  earlier  years  bear  any  heavier  rate  for 
redemption  than  later  years  "^  In  his  opinion  the  rate  of  redemption 
should,  without  doubt,  be  uniform  throughout  the  term  of  a  lease.  It 
might  be  a  matter  of  policy  in  private  enterprises  to  charge  a  heavier 
rate  when  costs  were  likely  to  be  lower,  but  in  the  interests  of  share- 
holders there  was  no  argument  that  could  establish  the  fairness  of  such 
an  arrangement.  If  any  redemption  scheme  was  decided  upon,  by  the 
setting  aside  of  a  certain  sum  which,  at  compound  interest,  would 
recover  the  capital  lost  over  the  term  of  a  lease,  it  was  absolutely  neces- 
sary that  such  scheme  should  be  properly  carried  into  effect  by  the 
investments  being  made  with  compound  interest  each  year,  as  otherwise 
the  whole  effect  of  the  scheme  would  be  nullified.  This  fact  was  too 
often  lost  sight  of,  and  moneys  which  were  retained  out  of  profits  with 
the  object  of  redeeming  capital  were  frequently  invested  in  the  extension 
of  the  colliery,  without  having  regard  to  the  fact  that  this  very  expendi- 
ture should  again  be  redeemed  out  of  profits,  and  the  result  generally 
ended  in  an  entire  collapse  of  the  original  intention. 

Mr.  Thomas  Harrison  (Newcastle-upon-Tyne)  said  the  chief  objec- 
tion to  Mr.  J.  B.  Smith's  scheme  appeared  to  be  that  the  larger  amount 
of  depreciation  was  proposed  to  be  brought  into  the  earlier  years  of  the 
colliery's  working.  The  question  must  be  regarded  from  two  points  of 
view.  One  was,  if  the  colliery  belonged  to  a  partnership,  then  the 
question  of  depreciation  could  be  settled  by  the  partners  on  any  principle 
they  chose  ;  and  in  a  private  partnership  he  would  suggest  that  no  depre- 
ciation should  be  set  aside  at  all,  but  that  they  should  remember  that 
the  colliery  would  be  worked  out  in  a  certain  number  of  years,  and  that 
the  money  they  were  drawing  was  partly  profit  and  partly  capital,  and 
act  accordingly.  This,  of  course,  did  not  apply  to  the  formation  of  a 
reserve  fund  to  provide  against  contingencies,  such  as  serious  explosions, 
etc.     But  in  the  case  of  a  limited  company  of  shareholders,  changing 
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from  year  to  year,  it  was  entirely  different  and  of  greater  importance, 
because  care  must  be  taken  that  the  present  shareholders  in  receiving 
dividend  did  not  also  therein  receive  capital  which  might  prejudice 
future  shareholders ;  and  he  would  strongly  urge  in  the  case  of  a  limited 
company  that  a  depreciation  or  redemption  fund  should  be  formed, 
but  he  would  object  to  Mr.  Smith's  proposal  that  it  should  be  heavier  in 
the  earlier  years  than  the  later,  because  it  might  be  fairly  argued,  "  why 
should  the  present  shareholders  suflfer  more  than  the  prospective  ?  "  If 
a  certain  profit  was  earned  by  a  leasehold  coUieiy,  let  the  present  share- 
holders have  the  benefit,  subject  to  deduction  for  the  diminution  of 
capital  involved  in  earning  that  profit,  but  not  subject  to  enhanced 
deduction  because  the  cost  of  working  the  colUery  will  increase  in  the 
future.  Mr.  Smith's  contention  was  that  because  future  costs  would  be 
higher,  therefore  the  depreciation  at  present  should  be  greater ;  but  it 
appeared  to  him  (Mr.  Harrison)  that  the  increased  cost  in  the  future 
must  be  met  by  the  shareholders  at  that  time  who  in  buying  their  shares 
would  buy  them  at  the  market  price,  which  would  be  regulated  by  the  rate 
of  dividend,  which  in  its  turn  was  affected  by  the  greater  cost  of  working. 
He  would  therefore  say  the  amount  ought  to  be  the  same  annually  so 
long  as  the  output  of  the  colliery  was  the  same ;  let  it  depend  upon  the 
output  and  not  upon  the  question  of  costs.  These  were  the  chief  points 
of  criticism  he  had  to  offer  upon  the  paper,  and  if  his  views  were  accepted 
the  second  schedule  in  Mr.  Smith's  paper  and  not  the  first  would  be  the 
one  for  adoption.  The  amount  set  aside  each  year  would  be  the  same, 
but  the  fund  must  be  invested  from  year  to  year,  and  must  not  be  allowed 
to  remain  in  the  business  for  the  purpose  of  further  capital  expenditure, 
or  they  ran  the  risk  of  losing  the  whole. 

Mr.  C.  C.  Leach  asked  if  as  soon  as  a  piece  of  machinery  was  erected 
for  use  it  should  be  considered  as  second-hand,  and  a  lower  value  placed 
upon  it  ? 

Mr.  W.  C.  Blackett  thought  that  previous  speakers  had  put  the 
matter  in  a  nutshell ;  they  could  not  coincide  with  the  opinion  expressed 
by  Mr.  J.  B.  Smith.  Cases  arose  in  which  they  could  not  invariably 
apply  the  rule  laid  down  by  him.  It  must  rest  with  the  owners  for  the 
time  being  to  invest  their  money  as  they  wished.  Cases  had  been  known 
in  which  owners  had  only  sufficient  money  to  start  the  concern,  and  relied 
upon  future  profits  to  complete  the  plant  and  to  form  the  depreciation 
fund.  In  many  cases  Mr.  Smith's  rule  might  have  to  be  reversed,  con- 
sequently no  scheme  should  be  considered  as  being  generally  applicable 
in  all  cases. 


Discussion — on  colliery  depreciation.  39 

Mr.  T.  Harrison  said  he  might  be  allowed  to  reply  to  Mr.  C.  C. 
Leach,  that  he  considered  a  machine  to  be  of  its  full  value  so  long  as  it 
did  the  work  for  which  it  was  erected.  So  long  as  it  did  its  work  there 
was  no  necessity  to  consider  it  second-hand.  Some  day,  of  course,  it 
would  be  unequal  to  its  work  and  would  have  to  be  replaced.  On  this 
ground  it  would  be  wise  to  write  ojff  an  annual  sum  for  depreciation  in 
order  to  meet  the  cost  of  the  new  machine,  but  certainly  no  one  would 
be  justified  in  writing  down  in  the  first  year  the  price  of  a  machine  to 
its  second-hand  value  so  long  as  the  business  was  current-going.  He 
took  it,  however,  that  Mr.  Smith's  paper  referred  to  the  working  out  of 
coal  under  a  lease  which  would  expire  in  a  term  of  years,  and  not  to 
the  depreciation  of  machinery. 

The  President  agreed  generally  with  the  remarks  of  the  previous 
speakers.  It  was  difficult  to  adopt  a  general  scheme  applicable  to  all 
cases,  as  Mr.  Smith  suggested.  He  thought  it  would  be  better  to  invest 
an  equal  sum  yearly.  "When  depreciation  funds  were  formed,  he  thought 
that  they  should  be  invested  in  outside  available  securities,  which  should 
be  available  at  the  end  of  the  lease.  In  his  experience,  however,  owners 
took  the  money  as  they  could  get  it.  If  the  profits  were  the  same,  year  by 
year,  they  might  get  colliery  owners  to  consider  a  proper  system  for  depre- 
ciation, but  with  the  varying  conditions  of  profits  and  other  circum- 
stances there  would  be  difficulty  in  laying  down  a  system  of  depreciation 
with  that  mathematical  accuracy  set  forth  in  Mr.  Smith's  scheme.  It 
was  an  interesting  subject,  and  no  doubt  they  all  worked  it  out  in  their 
own  "  rule  of  thumb  "  way. 

Correspondence. 

Mr.  J.  Bagnold  Smith,  replying,  said  Mr.  J.  H.  Armstrong  stated 
that  "  the  rate  of  redemption  should,  without  doubt,  be  uniform  through- 
out the  term  of  a  lease,"  but  he  would  have  cause  to  modify  his  opinion 
considerably  when  he  had  had  experience  of  the  working  of  that  plan 
during  the  last  few  years  of  a  colliery's  life.  Mr.  Thomas  Harrison  raised 
the  point  of  profit  being  kept  back  from  present  shareholders,  in  favour 
of  future  shareholders.  In  limited  companies  the  share  number  only 
should  be  recognized,  and  it  was  the  duty  of  the  management  to  so  pro- 
vide that  they  would  be  able  to  give  value  for  that  share  at  the  end  of 
the  term  of  lease.  The  fact  of  the  return  of  capital  being  almost  a 
certainty  would  give  a  higher  market  value  to  the  share,  and  thus  a 
seller  would  gain  from  the  fact  of  part  of  the  profits  being  retained. 
This  question  which  Mr.  Harrison  raised  struck  at  the  root  of  all  thrift 
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and  saving,  and  a  wife  might  as  reasonably  object  to  her  husband  insuring 
his  life  for  fear  that  wife  No.  2  might  get  the  benefit  of  it.  The  idea  in 
the  paper  was  that  a  colliery  ought  to  be  as  able  to  insure  its  life,  which  is 
its  capital,  as  a  man.  It  had  the  advantage  of  a  more  certain  term  of  life, 
and  this  scheme  ensured  the  money  so  put  by  not  being  invested  in  the 
business.  Many  cases  existed  of  firms  and  companies  losing  all  their 
reserves  through  not  investing  them  outside  their  own  business,  any 
disaster  to  that  business  being  also  just  as  equally  disastrous  to  the 
reserve  or  depreciation  fund.  The  calculations  were  not  nearly  as  com- 
plicated or  as  intricate  as  those  of  a  life  insurance,  if  the  difficulty 
of  calculating  the  expectation  of  life  be  taken  into  account.  Undoubtedly 
there  were  times  where  the  depreciation  fund  might  fall  hardly  on  the 
colhery,  but  in  those  cases  matters  might  be  set  right  by  a  drawing  on 
reserve  funds  put  by  when  the  concern  was  doing  well  to  provide  for 
such  contingencies.  Two  shareholders  might  have  shares,  one  meaning  to 
sell  as  soon  as  he  could  obtain  a  profit  on  his  share,  and  the  other  might 
intend  to  keep  his  money  to  the  end,  and  this  one  was  justified  also 
in  demanding  protection  for  his  capital.  In  most  concerns,  the  writer 
was  happy  to  say,  the  majority  of  the  shares  were  in  the  hands  of  this  class. 


DISCUSSION  ON  MR.  G.  BLAKE  WALKER'S  "NOTES  ON 
THE  COAL-FIELDS  OF  NEW  SOUTH  WALES,"  AND 
MR.  S.  HERBERT  COX'S  PAPER  ON  "  THE  COAL-FIELDS 
OF  AUSTRALASIA." 

The  President  invited  discussion  on  these  papers,  which  would  be 
taken  together. 

Mr.  Thos.  E.  Foester  said  both  papers  were  very  interesting,  and 
gave  in  a  concise  form  much  information  not  before  available.  If  he 
could  have  had  access  to  such  papers  on  both  of  the  occasions  on  which 
he  had  visited  New  South  Wales  it  would  have  saved  him  considerable 
trouble.  It  was  difficult  to  discuss  papers  like  these  at  home,  as  com- 
paratively few  engineers  had  been  to  Austraha,  and  still  fewer  to  the 
colliery  districts,  but  as  nearly  everybody  nowadays  knew  somebody  out 
there,  and  many  might  contemplate  going  for  a  trip,  it  was  a  matter 
of  interest  to  all.  Perhaps  the  most  interesting  question  with  regard 
to  the  New  South  Wales  coal-field  was  that  referring  to  the  probable 
depth  of  the  workable  Coal-measures  below  Sydney,  and  the  correlation 
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of  the  seams  of  the  northern  district  with  those  which  were  worked  to 
the  south  of  that  city.  Mr.  Walker  in  his  paper*  stated  that  the  Bulli  Seam 
of  the  southern  district  was  considered  by  Mr.  Mackenzie,  F.G.S.,  Govern- 
ment Examiner  of  Coal-fields,  to  be  identical  with  the  uppermost  seam  of 
the  Newcastle  series  which  came  to  the  surface  at  Catherine  Hill  Bay, 
some  miles  south  of  Newcastle,  and  was  worked  at  the  Wallarah  Colliery. 
Mr.  Cox,  however  (p.  327),  favoured  the  idea  that  the  Maitland  or  Tomago 
Beds  belonged  to  the  same  horizon  as  the  principal  Illawarra  or  Southern 
coals,  which  extended  from  Coal  Cliff  to  Mount  Kembla.  Mr.  T.  W.  E. 
David,  Grovernment  Geological  Surveyor,  in  an  interesting  report,  which 
was  to  be  found  in  the  Annual  Report  of  the  Department  of  Mines  (N.S.W.) 
for  1890,  stated  that  the  Bulli  Coal-measures  were  at  one  time  con- 
sidered to  be  the  equivalent  of  the  Greta  or  lowest  of  the  three  coal- 
bearing  formations  of  the  Newcastle  district.  Subsequent  examination 
had,  however,  shown  that  such  was  not  the  case,  and  that  the  marine  beds 
which  underlaid  the  coal  formation  at  Bulli  were  identical  with  those 
overlying  the  Greta  measures.  This  led  to  the  conclusion  that  the  Bulli 
measures  were  probably  either  the  Newcastle  or  the  Maitland  series,  or 
a  combination  of  the  two.  He  further  stated  that  the  marine  beds  under 
the  Bulli  measures  had  been  observed  for  a  distance  of  upwards  of  half 
a  mile  north  of  the  WoUongong  basin  to  be  dipping  at  the  rate  of  700 
feet  per  mile  instead  of  170  feet,  which  was  the  rate  of  dip  of  the  Coal- 
measures,  and  that  the  probable  explanation  of  this  difference  of  dip  was 
that  an  unconformity  existed  between  the  top  of  the  upper  marine  series 
and  the  base  of  the  Bulli  Coal-measures.  A  similar  unconformity  had 
been  observed  at  East  Maitland  in  the  northern  district,  and  according 
to  the  most  recent  geological  researches  there  was  also  an  unconformity 
between  the  Hawkesbury  series  and  the  top  of  the  Coal-measures.  This 
would  admit  of  a  possibility  of  the  Newcastle  Coal-measures  having 
been  denuded  from  the  top  of  the  Tomago  Coal-measures  at  some  point, 
say,  between  the  Hawkesbury  River  and  Sydney  previous  to  the  deposition 
of  the  strata  of  the  Hawkesbury  series.  In  this  case  the  geological 
structure  would  be  that  represented  by  Fig.  1.  Mr.  David  thought, 
however,  that  the  fact  that  the  marine  series  and  the  Coal-measures 
above  were  unconformable,  rendered  it  possible  that  the  Bulli  measures 
were  the  continuation  of  the  Newcastle  series,  and  that  the  Maitland 
Coal-measures  resting  unconformably  on  the  marine  beds  did  not  reach  so 
far  south  as  the  overlying  Newcastle  series  (see  Fig.  2).  If  such  was 
the  case  the  Newcastle  measures  would  extend  in  one  continuous  line 
*  Transactions  of  the  Federated  Institvtum  of  Mining  Engineers,  vol.  ii.,  p.  272. 
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from  Lake  Macquarie  to  Coal  Cliff,  and  the  Bulli  Seam  might  pro- 
bably be,  as  Mr.  Mackenzie  thought,  identical  with  the  Wallarah  Seam. 
With  regard  to  the  probable  depth  mider  Sydney,  which  had  been 
estimated  at  something  like  5,000  feet,  should  the  rate  of  dip  of  the 
northern  and  southern  districts  continue  uniform,  Mr.   David    stated 
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that  the  dip  between  Port  Hacking  and  Gosford  was  westerly,  as  also 
at  Narrabeen.  This  pointed  to  the  probability  that  the  basin  was  much 
flatter  in  the  centre  than  had  been  previously  thought,  and  Mr.  David 
estimated  that  the  highest  seam  might  possibly  be  found  at  Narrabeen,  at 
a  depth  of  from  2,100  to  2,300  feet,  and  would  be  from  200  to  400  feet 
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deeper  at  Sydney.  The  remaining  seams  of  the  Newcastle  series 
might,  if  this  supposition  was  correct,  be  found  underlying  this  seam, 
their  non-appearance  south  of  Coal  CUff  being  accounted  for  by  the 
possibility  of  their  being  cut  off  by  the  unconformity  existing 
between  the  marine  beds  and  the  Coal-measures.     This  would,  allow- 
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ing  1,200  to  1,300  feet  between  the  Wallarah  Seam  and  the  Borehole 
or  Wallsend  Seam  of  Newcastle,  place  the  probable  depth  of  the  latter  at 
from  3,300  to  3,600  feet  at  Narrabeen.  Mr.  Walker's  statement  that 
the  coal  seams  of  New  South  Wales  were  remarkable  for  the  rapid 
variations  in  the  thickness  of  the  coal,  and  of  the  bands  which 
they  contain  was  very  true,  and  innumerable  instances  of  this  might 
be  adduced.  Perhaps  one  of  the  most  striking  was  the  alteration 
which  took  place  in  the  Borehole  Seam,  as  it  passed  under  the 
harbour  at  Newcastle.  The  seam,  which  at  the  A,  A.  Co.'s  No.  2  Pit 
had  a  band  known  as  the  "  Morgan,"  i  inches  in  thickness,  and  7j  inches 
at  the  same  company's  Sea  Pit,  was  found  at  Stockton  with  the  same  band 
6  feet  thick  ;  while  the  "  Jerry  "  or  the  lower  band  at  the  No.  2  Pit, 
9  inches  thick,  was  22  inches  at  the  Sea  Pit,  and  apparently  only  about 
1  inch  at  Stockton.  The  total  thickness  of  coal  and  bands  was  15  feet  at 
the  No.  2  Pit,  17  feet  at  the  Sea  Pit,  and  28  feet  at  Stockton.  A  curious 
instance  of  rapid  thickening  from  the  outcrop  was  given  in  the  Mines 
Department  Report  for  1890.  At  East  Greta,  about  2^  miles  south  of 
Holmeville,  several  drifts  were  driven  in  the  seams  to  the  dip.  None  of 
these  seams  showed  at  the  crop  more  than  a  few  inches  of  decomposed  coal 
or  black  clay,  although  one  of  them  rapidly  thickened  out  till  it  reached  a 
total  height  of  about  30  feet.  The  section  of  the  seam  which  Mr.  Walker 
stated  in  his  paper  he  was  unable  to  obtain,  was  given  as  follows  : — 


Coal,  hard  bituminous,  with  ^-inch  band... 

Shale  and  Coal  band  

Coal,  good       

Clay  band       ...         

Coal,  good       ...         

Shale  band      

Coal,  good 

Coal  and  bands  (unworkable) 

Coal,  good 

Shale  band 

Coal,  soft,  with  7-inch  cannelat  bottom  ... 

Band    ... 

Coal,  good,  with  1  inch  intermittent  clay  band 

Shale  band      

Coal,  fairly  good        

Shale  band 

Coal 

Shale  band 
Coal,  dirty 
Coal,  bright 
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Immediately  below  this  seam  was  a  thin  seam  2  feet  9  inches,  beneath 
which  was  a  third  seam  11  feet  8  inches  in  thickness,  including  two  bands 
of  varying  height.  At  Heddon  Greta,  2^  miles  south  of  East  Greta,  a 
thick  seam  identical  with  the  30  feet  seam  of  East  Greta  had  been  proved. 
This  seam  had  a  total  thickness,  including  bands,  of  32  feet,  the  total 
thickness  of  the  six  bands  being  under  2  feet.  None  of  the  collieries  in 
New  South  Wales  were  heavily  watered.  Perhaps  those  in  the  immediate 
neighbom'hood  of  Newcastle  near  the  outcrop  of  the  Borehole  Seam  were 
the  greatest  sufferers  in  this  respect,  more  especially  in  wet  seasons,  when 
the  surface  water  quickly  found  its  way  down  through  the  broken  ground 
over  the  old  goaves.  Sinking  operations  were  generally  unattended  by  any 
heavy  expense  in  the  shape  of  pumping,  the  strata  being  usually  remark- 
ably dry,  after  the  surface  feeders  were  passed.  At  Stockton  and  in  the 
neighbourhood  of  the  harbour  at  Newcastle  there  were  considerable 
deposits  of  sand  and  gravel  overlying  the  Coal-measures,  and  containing  a 
good  deal  of  water.  One  or  two  shafts  on  the  north  side  of  the  harbour 
hud  been  sunk  with  metal  cylinders  to  the  stone  head ;  and  the  same 
course  had  been  pursued  at  the  Lambton  Co.'s  new  winning,  near  Lake 
Macquarie,  where  a  considerable  thickness  of  sand  was  met  with.  Taken 
on  the  whole  the  seams  were  very  iree  from  faults,  although,  on  the  other 
hand,  there  were  numerous  instances  of  disturbances  due  to  basaltic  dykes 
and  intrusions.  These  occurred  both  in  the  southern  district  to  a  large 
extent,  and  in  the  northern  district,  at  Stockton  particularly,  the  work- 
ings had  been  seriously  afiFected  by  a  dioritic  intrusion.  This  latter 
disturbance  appeared  to  follow  the  course  of  the  Hunter  River  inland,  and 
had  been  proved  in  several  borings  farther  up  the  river.  With  regard  to 
the  system  of  working  practised,  it  would  be  readily  recognized  from  the 
sections  which  Mr.  Walker  gave  that  some  of  the  thick  seams  were  not 
particularly  easy  ones  to  work.  Up  to  the  present  time  bord  and  pillar 
had  .been  almost  universal.  The  unusual  strength  of  the  roof  overlying 
the  Borehole  Seam  had  in  some  pits  been  a  great  drawback  to  this  system, 
as  it  was  difficult  in  working  the  pillars  to  get  a  fall  at  the  right  time,  and 
unless  the  pillars  were  left  of  ample  size,  the  fall  when  it  did  take  place 
was  apt  to  run  over  them.  No  doubt  some  of  these  seams  might  be  worked 
by  longwall  in.  sections,  somewhat  in  the  same  way  as  the  thick  coals  of 
Fifeshire,  but  the  labour  question  had  to  a  large  extent  acted  as  a  deterrent 
to  this  system  of  working.  The  somewhat  tender  nature  of  most  of  the 
seams  would  also  perhaps  make  the  double  longwall  system  less  efficacious 
than  it  was  elsewhere.  Mr.  Walker  mentioned  8  yards  as  being  the  dimen- 
sions of  both  bords  and  pillars  at  the  A.  A.  Co.'s  Sea  Pit.     These,  how- 
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ever,  were  bords  6  yards  and  pillars  12  yards.  "With  respect  to  the  tenure 
of  mines,  it  might  be  remarked  that  the  minerals  under  Crown  lands  which 
may  be  alienated  had  only  been  absolutely  reserved  since  the  passing  of 
the  1884  Land  Act.  By  the  same  Act  it  was  enacted  that  the  royalty 
on  coal  should  not  be  lower  than  6d.  a  ton.  Prior  to  this  a  system  known 
as  the  "  Mineral  Conditional  Purchase "  was  in  vogue.  Under  this  Act 
the  coal  in  certain  districts  could  practically  be  purchased  on  payment  of 
a  small  sum  per  acre  and  on  the  performance  of  certain  labour  conditions. 
This  system  was  not  found  to  be  a  success,  and  absolute  reservation 
followed.  Mr.  Emerson  Bainbridge,  speaking  at  the  discussion  which 
took  place  on  these  papers  at  the  meeting  of  the  Federated  Institution  in 
London,  seemed  to  think  that  the  State  ownership  of  the  coal  in  New 
South  Wales  had  not  been  a  success.  It  might  be  as  well  to  point  out  that 
this  was  probably  due  to  the  indiscriminate  way  in  which  leases  of  coal  were 
granted  and  to  the  fact  that  the  subsequent  assignment  of  them  was 
generally  too  easily  accompUshed.  This  had  led  to  abuses,  and  to  some 
collieries  being  saddled  not  only  with  the  Government  royalty,  but  also 
with  the  interest  to  be  earned  in  addition  on  money  paid  to  the  original 
holders  of  their  leases.  The  Government  was  no  doubt  anxious  to  do  all 
they  could  for  the  development  of  the  coal  trade  of  the  colony,  but  it  was 
questionable  whether  they  had  gone  the  right  way  about  it  in  this 
respect.  Till  recently  the  greater  part  of  the  colUeries  were  on  privately 
owned  royalties,  and  therefore  the  Department  had  not  had  a  very  wide 
experience  in  mining  leases,  and  did  not  apparently  show  much  dis- 
crimination in  such  matters. 

The  President  said  he  thought  they  would  all  thank  Mr.  T.  E. 
Forster  for  the  additional  information  he  had  given  on  the  subject  of  the 
coal-fields  of  New  South  Wales.  Papers  on  distant  coal-fields  were 
particularly  interesting  to  this  Institute,  and  he  wished  they  had  more 
of  them,  so  that  whenever  they  wanted  information  on  any  of  those  coal- 
fields they  would  be  able  to  find  it  in  their  own  Transactions.  It  seemed 
to  him  that  there  was  an  immense  and  almost  inexhaustible  coal-field  in 
New  South  Wales,  and  it  was  so  far  satisfactory  to  know  that  when  the 
proverbial  New  Zealander  sat  on  the  top  of  our  last  coal  shaft  in  this 
country  there  might  be  still  a  Newcastle  coal-field  left  in  New  South 
Wales. 


The    Secretary    described    "The    Lee    Alarm   Water-Gauge"   as 
follows : — 
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THE  LEE  ALARM  WATER-GAUGE. 

In  the  construction  of  the  alarm  water-gauge  the  ordinary  U-tube 
is  used,  one  end  of  which  a  is  connected  with  the  ventilating  current 
in  the  usual  manner.     In  the  other  end  is  inserted  a  small  glass  float  h 
having  a  well  formed  in  the  top  to  hold  a  drop  of  mercury  c,  which  so 
balances  the  float  that  it  is  level  with  the  surface  of  the  water  in  the 
tube.     Fitting  into  the  end  of  the  same  leg 
of  the  gauge  tube  is  an   adjustable   plug  d, 
through  which   two   platinum  wires   are  in- 
serted, and  a  small  tube  to  connect  with  the 
outside  atmosphere.     The  plug  and  platinum 
wires  may  be  so  adjusted  that  when  the  water 
falls   below   its   normal  height  they  come   in 
contact  with  the  mercury  in  the  float.     With 
one  of  the  wires  an  earth- wire  e  is  connected, 
and  from  the  other  /  a  wire  is   taken  to  a 
battery  and  bell,  and  the  circuit  completed  by 
another  earth-wire.     It  will  be  readily  under- 
stood that  when  the  platinum  wu*es  come  in 
contact  with  the  mercury  due  to  a  fall  of  water- 
gauge,  an  electric  current  is  immediately  estab- 
lished, and  indicated   by  the   ringing  of  the 
bell,  and  it  will  be  also  seen  that  any  number 
of  alarm  bells  may  be  fixed  at  any  distance 
from    the    fan.      Supposing    the    water-gauge 
in  the  fan  house  is  expected  to  be  kept  at  from  2{  to  2|  inches,  the 
alarm  water-gauge,  which  is  fixed  near  the  ordinary  water-gauge,  can  be 
so  adjusted  that  the  float  makes  the  contact  at  '2\.  inches.     A  wire  can 
be  taken,  say,  to  the  engineer's  office,  and  a  bell  placed  there  in  circuit, 
then  the  wire  can  be  continued  to  the  manager's  office,  and  a  bell  fixed  at 
that  point,  the  battery  could  also  be  conveniently  fixed  there,  and  an 
earth-wire  connected  with  it  to  complete  the  circuit.     This  alarm  water- 
gauge  could  also  be  further  utilized  by  having  an  additional  float  put  into 
the  other  leg  of  the  tube,   to  give  an  alarm  if  the  water  should  rise 
beyond  its  normal  height  owing  to  any  stoppage  in  the  air- ways. 


The    Secretary    described  "The  Roberts   Shot-firing  Lamp"  as 
follows : — 
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THE  ROBERTS  SHOT-FIRING  LAMP. 

I 


The  Roberts  shot-firing  ap- 
pliance can  be  attached  to  any 
form   of   lamp.       A    brass    tube 

A,  y%-inch  diameter,  is  inserted 
through  the  oil  cistern  B,  the 
top  of  which  is  fitted  with  a  brass 
box  C,  covered  with  a  gauze  cap 
D,  to  receive  the  sparks  given 
off  by  the  fuze.  A  hole  a,  y\-inch 
diameter,  is  made  in  the  pipe 
opposite  the  flame,  and  is  covered 
by  a  short  cyHndrical  cap  E, 
which  is  opened  by  means  of  the 
pricker  F,  and  closed  by  means  of 
a  spiral  spring  0.  Further  safety 
is  ensiu'ed  by  means  of  a  second 
cap  H,  worked  by  a  spring  I, 
placed  outside  and  underneath  the 
oil  cistern  B.  A  blowjiipe  K  is 
inserted  through  the  oil    cistern 

B,  by  which  the  flame  can  be 
blown  to  one  side,  and  upon  the 
orifice  a,  in  the  tube  A.  The 
outer  end  of  the  tube  of  the  blow- 
pipe is  protected  by  a  suitable 
slotted  cover  L,  which  is  closed 
automatically  by  the  spring  M. 

To  fire  a  shot  after  it  has  been 
stemmed  and  a  suitable  length  of 
fuze  left  projecting  from  the  hole, 
the  fuze  is  inserted  underneath  the 
oil  cistern  and  pushed  up  level 
with  the  flame,  so  that  the  end 
may  be  exposed  at  the  opening  a. 
The  cylindrical  cap  E  is  drawn 
down  by  means  of  the  pricker  F, 
the  mouth  applied  to  the  blow- 
pipe   L,    its    cover    removed   by 
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pressing  the  lever  N,  and  the  flame  blown  on  to  tlie  end  of  the  fuze  at  a 
ignites  it.  The  pricker  F  is  released,  and  the  cylindrical  cap  E  is 
instantly  replaced  by  the  reaction  of  the  spiral  spring  Gr.  The  fuze 
should  not  be  withdrawn  from  the  lamp  until  the  shot  firer  is  assured  that 
sparks  will  not  be  thrown  from  the  end  of  the  fuze  on  the  removal  of  the 
lamp. 


The  meetintj  then  concluded. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEEES. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Ttnb, 

Saturday,  February  13th,  1892. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  meeting,  and  reported 
the  proceedings  of  the  Council. 


The  President  expressed  regret  at  the  death  of  Mr.  R.  F.  Boyd,  and 
the  Secretary  was  instructed  to  write  a  letter  of  condolence  to  Mrs. 
R.  F.  Boyd  and  family. 


The  Secretary  was  instructed  to  write  to  Mr.  J.  Dickinson  conveying 
the  appreciation  of  the  members  of  this  Institute  of  his  services  in  con- 
nexion with  the  mining  industries  of  the  kingdom  during  his  term  of 
office  as  Inspector  of  Mines  since  the  year  1850. 


It  was  announced  that  the  Council  had  elected  Mr,  M.  W.  Parrington 
to  take  the  place  of  the  late  Mr.  R.  F.  Boyd  on  the  Council  of  the 
Federated  Institution  of  Mining  Engineers. 


The  following  gentlemen  were  elected,  having  been  previously  nomin- 
ated : — 

Members— 
Mr.  Charles  Aburrow.  Engineer,  Box  534,  Post  Office,  Johannesburg,  Trans- 
vaal. 
Mr.  E.  H.  BULMAN,  Browney  Colliery,  near  Durham. 

Mr.  Arthur  Launcelot  Collins,  Mining  Engineer,  13,  Basinghall  Street, 
London,  E.C. 

VOL.  XLI.-18S1-92.  ^ 


■50  TRANSACTIONS. 

Mr.  John  Thomas  Robinson,  Manager  of  Mines,  Beechburn  CoUieiy,  Crook, 

R.S.O..  Co.  Durham. 
Mr.  Donald  Rowan,  Colliery  Manager,  Benhar  Collieries,  Whitburn,  N.B. 
Mr.  John  T.  Stobbs,  Walker  CoUierv,  Walker-upon-Tyne. 

Associates— 

Mr.  Thomas  Bo'n'ES,  Overman,  Pontop  Colliery,  Lintz  Green. 
Mr.  Thomas   Geokge  Noble,  Colliery   Manager,   Sacriston   Colliery,  near 
Durham. 

Students — 
Mr.  Edwakd  Watson,  Mining  Student,  19,  Bloomfield  Terrace,  Gateshead. 
Mr.  Henky  Stevenson  Willis,  Mining  Student,  Sacriston,  Durham. 


The  f ollomng  gentlemen  were  nominated  for  election  : — 

HoNOEABY  Member — 
Mr.  J.  L.  Hedley,  H.M.  Inspector  of  Mines,  Newcastle-upon-Tyne. 

Membees — 

Mr.  William  C.  Mountain,  Engineer,  Forth  Banks,  Newcastle-upon-Tyne. 
Mr.  Fbancis  Reid,  Electrical  Engineer,  Forth  House,  Newcastle-upon-Tyne. 
Mr.  Ernest  Scott,  Mechanical  Engineer,  Close  Works,  Newcastle-upon-Tyne. 
Mr.  Joseph  S.  Scott,  Colliery  Owner,  Trimdon  Grange. 
Mr.  J.  Spabkes,  Jun.,  Mining  Engineer  and  Colliery  Manager,  Chester  Park, 

Fishponds,  Bristol. 
Mr.  Thomas  Teasdale,  Colliery  Manager,  Middridge,  via  Heighington,  R.S.O. 
Mr.  J.  J.  Tinker,  Boiler  Maker,  Hyde,  Manchester. 

Associate — 
Mr.  Thomas  Peacock,  Mining  Assistant,  Sacriston  Colliery,  Durham. 

Students— 

Mr.  Austin  Kirkup,  Collieiy  Managers  Ass^i^tant.  Murton  Colliery.  Sunder- 
land. 

Mr.  Feed.  0.  Kirkup,  Colliery  Manager's  Assistant,  Hutton  Henry  Colliery. 
Co.  Durham. 


Mr.  Henry  Palmer  read  the  following  "Notes  on  an   Electrical 
Transmission  Plant  at  East  Howie  Colliery  "  : — 
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NOTES  ON  AN  ELECTRIC  TRANSMISSION  PLANT  AT 
EAST  HOWLE  COLLIERY. 

By  henry  palmer. 


In  December,  1890,  owing  to  increased  feeders  in  the  dip  workings  of 
the  Harvey  Seam  (distant  nearly  two  miles  from  the  shaft-bottom),  it 
was  considered  that  the  water  shonld  be  deal  with  direct  instead  of 
pumping  with  the  hauling-engine  ropes.  At  that  time  the  water  to  be 
dealt  with  was  about  250  gallons  per  minute,  and  it  was  pumped  during 
the  day  by  the  hauling-ropes  when  the  set  of  tubs  was  running,  and  at 
night  by  the  same  ropes  (5  miles  in  length;,  running  light  without  the 
coal-tubs  and  indicating  about  170  horee-power. 

There  appeared  to  be  a  choice  of :--(!)  Compressed  air ;  (2)  a  separate 
rope-drive  ;  or  (3)  electricity.  They  had  had  considerable  experience  of 
rope-pumping,  which  had  convinced  them  that  a  further  extension  was 
not  desirable  :  and  the  choice  practically  lay  between  compressed  air  and 
electricity. 

The  former  method  was  rejected  for  three  reasons: — (1)  Fii-st  cost; 
(2)  length  of  time  necessary  to  obtain  and  start  the  plant;  and  (3)  economy. 
As  a  matter  of  fact  the  order  for  the  engine  and  dynamo  was  given  out 
on  Christmas  Eve,  and  the  entire  lighting  plant  was  running  on  February 
27th,  1891,  followed  by  the  pump  being  put  to  work  on  March  1th,  not- 
withstanding a  delay  in  January  of  three  weeks,  owing  to  prolonged  frost. 

The  plant  consisted  of  the  following  : — Pan-  of  vertical  high-pressure 
steam  engines,  having  cylinders  13-inches  diameter  by  16-inches  stroke, 
with  independent  variable-expansion  gear,  fitted  with  a  Pickering  high- 
speed governor,  and  designed  to  run  up  to  a  speed  of  160  revolutions  per 
minute  ;  each  engine  being  provided  with  a  fly-wheel  6  feet  in  diameter 
at  each  end  of  the  shaft.  These  engines  were  built  to  our  order  by 
Messrs.  Pollock  &  McNab,  of  Hyde,  near  Manchester,  the  price,  deli\ered 
at  the  colliery,  being  £260. 

The  power  from  the  engine  is  transmitted  by  a  hinged  leather  belt  10- 
inches  broad  by  |-inch  thick,  with  2(i-feet  centres,  and  made  by  Messrs. 
Angus,  Newcastle.     This  cost  6s.  9d.  per  running  foot. 

The  generator  (Figs.  1,  2,  and  3,  Plate  XYI.)  is  a  horizontal  com- 
pound-wound Crompton  machine,  having  an  anuature  20-inches  diameter 
by  7-inches  wide,  with  a  nominal  output  of  6(t  amperes  at   550  volts 
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E.M.F.,  at  770  revolutions  per  minute.  The  machine  is  driven  by  a  12- 
inches  pulley  direct  from  one  of  the  fly-wheels  on  the  engine,  and  is 
provided  with  efficient  sight-feed  lubricators  for  high-s})eed  running.  The 
current  is  taken  from  the  conamutator  by  means  of  carbon  brushes,  which 
when  properly  Ijedded,  require  no  further  attention,  and  possess  great 
durability  as  compared  with  copper  brushes.  There  is  an  almost  entire 
absence  of  sparking,  even  under  extreme  variations  in  the  load. 

The  cuiTent  is  led  from  the  generator  to  an  enamelled  slate  switch- 
board (Fig.  4,  Plate  XVII.),  conveniently  placed  on  the  wall  of  the  engine- 
house,  and  provided  with  voltmeter,  ammeter,  and  the  necessary  fuzible 
cut-outs  and  switches  for  the  lamps  and  motors. 

There  is  also  an  ingenious  arrangement  on  the  switchboard,  by  means 
of  which  the  insulation  of  the  two  motor  cables  can  be  tested  at  will  by 
switching  them  to  earth,  and  taking  readings  by  inspection  from  the 
voltmeter. 

By  the  side  of  the  switchboard  are  placed  a  set  of  Ader  telephones,  signal 
bell,  and  ringing  key,  by  means  of  which  communication  can  be  carried 
on  between  the  engine-house  and  pumps.  These  telephones  and  signals 
were  put  in  at  the  veiy  beginning,  and  were  found  to  be  of  the  greatest 
possible  assistance  during  the  erection  of  the  underground  machineiy. 

Incidentally,  fifty-three  incandescent  lamps  were  run  off  the  generator, 
but  owing  to  the  high  voltage  it  was  found  necessary  to  group  them  in 
series  of  five,  and  although  this  is  not  an  ideal  arrangement,  it  has  been 
found  to  give  excellent  results  in  practice.  The  distribution  of  the  lights 
is  as  follows  : — 

Dynamo  engine-house  ...         

Pit-heap ...         

Screens    ... 

Cleaning-belts  and  coal- washer         

Winding  enjine-house? 

Fan  ..."       

Offices       ... 

Weigh-cabin       ...         

Pay-window        ...         

Pumps 

The  lamps  in  the  weigh-cabin  are  lighted  by  switching  out  two  lamps 
in  the  dynamo  engine-house,  and  the  lamp  at  the  pay-window  in  a 
similar  manner  by  switching  out  one  of  the  office-lamps. 

The  positive  cable  consists  of  ;3,OuO  yards  of  19/16  high -conductivity 
copper,  covered  with  two  layers  of  pure  india-rubber,  theu  taped,  braided, 
and  ozokerited.  That  part  of  the  cable  in  the  shaft  was  provided  with 
an  additional  covering  of  lead-foil.  The  negative  cable  was  made  out 
of  old  pit-ropes  of  various  diameters,  spliced  together.     This  was  done 
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with  a  view  of  saving  the  somewhat  heavy  cost  of  a  double  copper  cable, 
but  in  practice  the  arrangement  was  found  to  be  of  no  real  advantage ; 
indeed,  on  account  of  its  being  a  naked  conductor  it  has  distinct  disad- 
vantages, and  its  conductivity  was  found  to  be  so  poor  that  it  had  to 
be  supplemented  by  two  solid  copper  wires  of  No.  8  wire  gauge. 

The  cables  are  carried  on  earthenware  insulators  screwed  to  the  props 
at  the  side  of  the  roadway,  at  average  distances  of  from  10  to  15  yards 
apart  (Figs.  5  and  6,  Plate  XVII.). 

No.  1  pumping  plant  consists  of  a  Crompton  motor,  series-wound, 
having  an  armature  15^-inches  diameter  by  5-inches  wide,  designed  to 
run  at  about  1,100  revolutions  per  minute,  and  with  an  E.M.F.  of  500 
volts  at  the  terminals  (Figs.  7,  8,  and  9,  Plate  XVI.). 

The  current  is  delivered  to  the  commutator  by  means  of  carbon 
brushes ;  when  these  are  properly  bedded,  and  the  surface  of  the  com- 
mutator turned  perfectly  true,  sparking  is  almost  entirely  avoided,  and 
the  formation  of  flats  practically  unknown. 

The  motor  has  a  12-inch  driving  pulley,  and  is  fitted  with  sliding 
foundations  for  tightening  the  belt,  and  sight-feed  lubricators  for  con- 
tinuous running.  The  guaranteed  efficiency  of  the  motor  was  00  jier 
cent. ;  and  the  actual  efficiency  deduced  from  a  series  of  tests  was  90' 1 
per  cent.  The  pump  (Figs.  10  and  11,  Plate  XVI.)  is  geared  down  15 
to  1,  and  is  driven  by  a  C-inch  camel-hair  belt,  made  by  Messrs. 
Reddaway  &  Co.,  Pendleton,  near  Manchester,  with  a  counter  shaft 
carrying  a  belt  pulley,  5-feet  diameter,  and  a  helical  toothed  pinion,  18- 
inches  diameter ;  the  latter  engages  with  a  4-feet  6-inches  helical  toothed 
wheel  on  the  pump-crank-shaft,  driving  a  pair  of  ordinary  double-acting 
pumps,  7-inches  diameter  by  13-inches  stroke.  The  pumps  are  all  fitted 
with  specially  designed  metallic  plungers,  which  in  practice  are  found 
to  deUver  as  much  as  94  per  cent,  of  the  theoretical  capacity  of  the 
pump.  The  body  of  the  plunger  (Fig.  12,  Plate  XVII.)  is  made  of  cast 
steel,  bored  to  suit  the  steel  rod  and  turned  to  fit  the  working  barrel ;  at 
each  end,  the  two  wrought-iron  covers  are  screwed  on,  in  which  three 
small  holes  are  drilled  |-inch  diameter.  The  plungers  are  double,  with 
one  set  of  rings  and  cup-leathers  at  each  end.  The  pressure  of  the 
column  of  water  passes  through  the  holes  in  the  covers,  against  the  cup- 
leather,  and  also  presses  the  steel-rings  against  the  two  outer  brass-rings, 
and  thus  makes  the  plunger  water-tight.  In  putting  it  together,  the 
rings  and  cup-leathers  are  first  placed  in  position,  and  then  the  end-covers 
are  screwed  on.  It  is  then  placed  on  to  the  rod,  one  end  being  fitted  up 
against  the  collar  on  the  rod  and  the  other  end  against  the  nut  screwed 
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on  to  tlie  end  of  the  rod.  The  rings  or  covers  cannot  work  loose,  unless 
the  nut  is  unscrewed,  as  there  is  a  spHt  pin  fitted  throuo-h  both  nut  and  rod. 

The  delivery  and  suction-pipes  are  provided  with  adequate  air  vessels. 
The  suction-pipe  is  0-inches  diameter  and  50  yards  long. 

An  enamelled  slate  switchboard  (Fig.  13,  Plate  XYII.)  is  provided, 
carrying  ammeter,  voltmeter,  fuzible  cut-outs,  and  the  necessary  switches 
for  motor  and  lights.  The  pump-house  is  lighted  by  five  16-candle- 
power  incandescent  lamps. 

No.  2  pumping  plant  consists  of  a  Crompton  series-wound  motor, 
having  an  armature  9-inches  diameter  by  14-inches  long,  designed  to  run 
at  1,200  revolutions  per  minute,  with  an  E.M.F.  of  500  volts  at  the 
terminals,  and  is  fitted  with  a  sliding  bed-plate  like  No.  1  motor  (Figs. 
7,  8,  and  0,  Plate  XVI.).  Carbon  brushes  are  applied  to  it  in  a  similar 
manner  to  those  on  No.  1  machine.  The  pump  (Figs.  14  and  15,  Plate 
XVI.)  is  geared  down  42f  to  1,  and  is  driven  from  a  9-inches  diameter 
pulley  on  the  motor  by  a  6 -inches  camel-hair  belt  on  to  a  8  4 -inches 
pulley  on  the  counter  shaft,  which  carries  a  9-inches  diameter  helical 
toothed  pinion  engaging  with  a  54-inches  diameter  helical-toothed  wheel 
on  the  crank-shaft  of  the  pump,  driving  an  ordinary  double-acting  pump 
9-inches  diameter  by  3-feet  stroke. 

The  main  suction-pipe  is  9-inches  diameter  and  132-yards  long,  and 
there  is  also  a  branch  suction-pipe,  6-inches  diameter,  and  200-yards  long, 
leading  off  it. 

A  switchboard,  fitted  with  instruments,  etc.,  simdar  to  those  used  in 
connexion  with  No.  1  pump  is  also  provided.  In  addition  to  this,  the 
telephones  and  signal  bell  are  also  placed  in  this  pump-house,  which  is 
lighted  by  five  16 -candle-power  incandescent  lamps. 

The  foregoing  is  a  brief  description  of  the  plant  at  present  in  daily 
use ;  but  in  the  first  instance,  when  the  feeders  of  water  were  veiy  much 
less  in  volume  than  at  present,  a  commencement  was  made  with  the  No. 
2  motor  and  pump,  as  already  described,  driven  by  a  Crompton  vertical 
compound- wound  generator,  having  an  armature  15^-inches  diameter  by 
5-inches  wide,  of  their  arc-lighting  type,  with  a  nominal  output  of  35 
amperes  at  550  volts,  and  at  960  revolutions  per  minute.  This  generator 
was  erected  in  the  present  dynamo  engine-house,  was  driven  by  the 
same  engine,  and  continued  to  run  satisfactorily  for  four  months. 

On  April  27th,  however,  an  exceedingly  heavy  feeder  of  water,  which 
was  estimated  at  400  gallons  per  minute,  burst  out  in  the  neighbourhood 
of  the  electric  pump,  some  3,000  yards  fi-om  the  shaft-bottom.  At 
that  time  the  pair  of  7-inche8  pumps,  now  driven  by  the  No.  1  motor, 
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were  connected  to  the  shaft  of  the  return-wheel  of  the  tail-rope  haul- 
age, and  though  this  pump  and  the  electric  pump  were  kept  running 
continuously,  the  water  steadily  gained  upon  them  until  it  rose  within 
16  feet  of  the  latter  pump  ;  then,  however,  it  was  mastered,  and  after 
having  had  a  continuous  run  of  82  hours  they  were  enabled  to  get  the 
water  down  in  the  pump-standage  for  the  first  time  since  the  water  burst 
forth.  This  experience  naturally  caused  considerable  apprehension  for 
the  future,  and  in  view  of  a  possible  repetition  of  so  unpleasant  an  experi- 
ence, it  was  decided  to  duplicate  the  whole  of  the  electric  plant.  As  a 
steam  engine  of  ample  power  had  been  provided  at  the  outset,  all  that  was 
necessary  was  the  purchase  of  a  generating  dynamo  qualified  to  drive  two 
pumps  simultaneously,  and  another  motor ;  the  cables  had  also  been  put 
down  originally  with  sufficient  carrying  capacity.  Accordingly  an  order 
was  given  for  the  20  inches  by  7  inches  generator  with  a  nominal  out- 
put of  33,000  watts,  equal  to  44:"2  electric  horse-power  and  the  No.  1 
motor  previously  described. 

Before  the  delivery  of  these  machines  the  fresh  feeder  which  had 
given  so  much  trouble  and  nearly  flooded  the  pumps  in  the  month  of 
April,  and  which  in  the  meantime  had  nearly  ceased  running,  broke  out 
afresh  on  May  25th,  with  an  estimated  quantity  of  500  gallons  per  minute. 
Fortunately,  however,  this  outburst  was  of  brief  duration  compared  with 
the  first  one  ;  consequently  after  a  continuous  run  of  36  hours,  the  pumps 
were  once  more  masters  of  the  situation.  The  same  feeder  came  away 
again  on  June  12th,  and  also  on  July  5th,  but  the  quantity  was  com- 
paratively inconsiderable  and  the  flow  of  short  duration,  and  since  the 
date  last  mentioned  the  outbursts  of  water  have  practically  ceased. 

The  peculiar  periodicity  of  this  feeder  almost  points  to  something  of 
the  nature  of  an  intermittent  spring  having  been  tapped,  as  for  some 
months  it  recurred  and  ceased  with  wonderful  regularity.  During  the 
interval  before  the  delivery  of  the  electric  machinery  the  necessary  gearing 
was  got  ready,  and  upon  the  arrival  of  the  dynamos  the  pan-  of  7-inch 
pumps  were  detached  from  the  rope-haulage  wheel,  and  coupled  up  to  the 
new  motor.  At  the  same  time  the  new  generator  was  placed  in  the  engine- 
house  at  bank  by  the  side  of  the  original  one,  in  such  a  manner  as  to  allow 
of  one  or  both  of  them  being  driven  from  the  engine. 

The  new  plant  was  started  on  June  29th,  and  since  that  time  the 
larger  machine  has  proved  sufficient  for  all  purposes,  but  the  15^  inches 
by  5  inches  machine  remains  as  an  auxiliary  in  case  of  need. 

Owing  to  the  small  size  of  the  original  feeders  a  9-inch  delivery-pipe 
was  laid  down  for  a  distance  of  750  yards,  and  this  at  the  tune  was  con- 
sidered of  sufficient  size.    When  it  became  necessary  to  duplicate  the 

VOL.  XLI.-1891.92.  ,  ^ 


56  ELECTRICAL   PUMPING   PLANT. 

plant  it  was  considered  more  economical  to  put  up  with  a  considerable  loss 
of  power,  due  to  increased  pipe  friction,  rather  than,  incur  the  veiy  heavy 
additional  expense  of  purchasing  and  laying  down  a  larger  range  of  pipes 
(Figs.  16  and  17,  Plate  XVIL). 

This  conclusion  was  chiefly  governed  by  the  fact  that  the  supply  of 
steam  was  ample,  being  almost  wholly  derived  from  the  waste  gases  of  the 
coke-ovens,  and  therefore  comparatively  inexpensive  ;  and  also  that  there 
was  ample  surplus  power  available  both  in  generators  and  cables. 

The  wi'iter  does  not  suppose  that  anyone  will  contend  that  it  is 
economical  to  pump  a  large  quantity  of  water  of  close  upon  900  gallons 
per  minute  for  a  distance  of  over  800  yards  through  such  a  pipe,  although 
the  head  is  small,  being  only  33  feet,  and  that  is  certainly  his  own  view, 
but  (as  has  been  already  stated)  the  9-incli  pipe  was  already  in  its  place, 
and  it  was  not  desirable  to  replace  it.  The  immediate  result  of  this 
arrangement  was  to  add  a  pipe  friction  equivalent  to  38  feet  of  head  or 
16 -horse-power  of  friction  in  the  delivery-pipe  alone,  exclusive  of  suction. 

The  whole  of  the  electrical  apparatus  was  supplied  by  Messrs. 
Mercier,  Corlett,  &  Co.,  of  Wigan,  and  was  erected  under  their  super- 
vision, whilst  the  pumps  and  gearing  were  made  in  the  colliery  shops. 

Rightly  or  wrongly,  from  the  experience  acquired  in  experimenting 
with  this  plant  the  writer  is  strongly  of  the  opinion  that,  owing  to  the 
extremely  diversified  conditions  which  are  met  with  in  the  various  electric 
pumping  arrangements,  particulars  of  which  are  before  the  public,  it  is 
quite  impossible  to  base  any  reliable  conclusions  upon  the  so-called  plant- 
efficiency  of  the  various  installations.  At  one  colliery  a  small  quantity 
of  water  is  forced  against  a  considerable  head  through  pipes  of  com- 
paratively large  diameter  :  at  another,  such  as  the  plant  now  described, 
a  large  quantity  has  to  be  forced  through  a  pipe  of  undoubtedly  small 
dimensions,  although  the  head  is  insignificant.  In  the  fonner  case  the 
friction  of  the  water  in  the  pipes  is  the  mere  fraction  of  a  horse-power, 
whilst  in  the  present  instance  it  has  been  shown  to  amount  to  no  less 
than  16-horse-power  in  the  delivery  alone.  Under  these  widely  divergent 
conditions  it  appears  to  the  writer  to  be  perfectly  futile  to  attempt  to 
compare  the  plant-efficiency  (or  the  ratio  of  water  lifted  to  the  indicated 
horse-power  in  the  steam  engine)  of  such  transmissions,  and  for  the 
purposes  of  this  paper  he  would  prefer  to  stop  short  at  the  brake  horse- 
power delivered  on  the  motor  pulley.  This  amounts,  in  the  plant  under 
consideration,  to  a  useful  effect  of  56  per  cent.,  but  in  order  to  further 
emphasize  this  point,  the  experiments  have  been  extended  so  as  to 
include  the  loss  by  friction  in  the  pumps  and  pipes,  together  with  the 
amount  of  water  lifted,  expressed  in  horse-power. 
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The  following  are  the  particulars  of  the  test : — 

At  bank — 

Revolutions  of  engine     

Mean  efiEective  pressure,  in  lbs. 

Indicated  horse-power    ... 

Volts  

Amperes     ...         ...         

Electric  horse-power      ...         

Efficiency  of  generating  plant,  per  cent. 
Below  ground — 

Gallons  pumped  per  minute      

Horse-power  in  the  water 

Electric  horse-power  delivered  to  motor 

At  90  per  cent,  motor-efficiency 

Efficiency  of  transmission,  per  cent.    ... 

Loss  of  horse-power  in  cable     ... 

Plant-efficiency,  per  cent. 

These  results  may  be  summarized  as  follows  : — 


Loss  in  engine       

Do.     generator  ... 

Do.     cables 

Do.     motors 
Pumps  and  pipes,  friction 
Water  lifted  


Total 


Indicated 

Horse-power. 

12-00 

3-62 

7-04 

3-36 

18-94 

8-80 


127 

20-00 

53-76 
548 

55 

40-40 

75 


8-80 
33-36 
30 
56 

7-04 
16-4 


Percentage  of 
Work. 
22-30 
6-72 
13-05 
6-25 
35-28 
16-40 


53-76 


100-00 


From  the  above  figures  it  will  be  seen  that,  under  ordinary  circum- 
stances, an  efficiency  of  75  per  cent,  was  obtained  in  the  generating 
plant;  the  efficiency  of  transmission  at  the  motor  pulleys  was  56  per 
cent.,  and  the  entire  plant-efficiency  16  "4  per  cent.  There  is  not  the 
slightest  doubt  that  the  last  figures  might  have  been  enormously  im- 
proved had  pipes  of  sufficient  diameter  ".jeen  used ;  in  fact,  had  their 
diameter  been  increased  to  a  point  corresponding  to  those  employed  in 
some  other  installations  known  to  the  writer,  the  efficiency  of  the  entire 
plant  would  have  been  raised  to  a  figure  probably  not  below  46  per  cent. 

The  following  is  a  complete  statement  of  the  cost : — 


£      s. 

d. 

Pumps 

180     0 

0 

Surface  engine-house 

100     2 

2 

Engine  and  foundations 

299  15 

11 

Pipes  and  fittings          

36  11 

7 

Telephones  and  signals 

9  10 

0 

Belting 

30     0 

0 

Dynamos,  cables,  etc 

1,086  10 

7 

Lighting 

82     0 

0 

General  stores 

14     9 

5 

Labour     

318     9 

8 

Total      

£2,157     9 

4 

Mr.  D.  Selby  Bigge  then  read  the  following  paper  on  "The  Practical 
Transmission  of  Power  by  means  of  Electricity,  and  its  Application  to 
Mining  Operations  "  : — 
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THE  PRACTICAL  TRANSMISSION  OF  POWER  BY  MEANS 
OF  ELECTRICITY,  AND  ITS  APPLICATION  TO  MINING 
OPERATIONS. 


By  D.  SELBY  BIGGE. 


Introduction. 

The  question  of  the  apphcation  of  electricity  to  mining  operations  has 
within  the  past  two  years  been  very  considerably  developed,  and  the 
author  trusts  that  the  following  paper  on  the  subject  may  prove  of  interest 
to  the  members  of  this  Institute. 

This  subject  has  already  been  dealt  with  in  a  general  way  by  Messrs. 
Llewelyn  and  C.  Atkinson  in  a  most  able  paper  read  before  the  Institu- 
tion of  Civil  Engineers  exactly  a  year  ago,  but  since  then  several  important 
improvements  have  taken  place  in  the  actual  construction  of  the  machinery, 
modifications  in  the  method  of  transmitting  the  power,  and  other 
developments  of  an  important  nature  which  will  be  dealt  with  hereafter 
in  this  paper. 

The  author  does  not  propose  to  go  into  a  minute  description  of  the 
mechanical  details  of  electric  mining  machinery,  but  will  endeavour  rather 
to  treat  the  question  of  the  electric  transmission  of  power  from  the  mining 
engineers'  and  colliery  owners'  point  of  view,  demonstrating  for  what  pur- 
jwses  in  regular  mining  work  this  new  motive  power  may,  with  advantage, 
be  employed. 

He  proposes  also  to  give  figures  of  capital  expenditure,  working  cost, 
and  efficiencies  of  electric  transmission  of  power  necessary  for  various 
undertakings,  to  sketch  the  outline  of  possible  and  feasible  schemes  for 
the  consideration  of  mining  engineers,  and  finally  to  give  a  description  of 
the  Earl  of  Durham's  electric  mining  installation  at  Bunker's  Hill,  which 
has  only  recently  been  erected  by  the  author,  and  being  of  a  veiy  complete 
nature  embodies  most  of  the  recent  improvements  in  electrical  mining 
work. 

The  question  of  power  transmission  by  means  of  electricity  is  by  no 
means  a  new  or  untried  one,  and  though  perhaps  little  is  known  as  yet 
of  the  details  by  the  mining  world  in  general,  results  have  been  obtained 
in  actual  practice  which  merit  serious  attention. 

Electricity  has  now  been  applied,  and  with  great  success,  in  mining 
work  for  haulage,  pumping,  drilling,  coal-cutting,  and  other  minor  uses, 
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and  as  in  the  case  of  electric  lighting,  electric  transmission  of  power  may 
now  fairly  be  said  to  have  passed  out  of  its  experimental  stage,  and  to 
have  become  an  established  fact. 

It  is  chiefly  as  a  means  for  transmitting  power  to  great  distances  with 
small  loss  along  the  line  that  electricity  will  be  found  to  predominate  over 
any  other  known  form  of  power  transmission,  and  as  distance  is  usually  a 
most  important  factor  in  mining  operations  underground,  electricity"  in  a 
large  number  of  cases  will  be  found  to  adapt  itself  admirably  to  the  work 
required  to  be  done. 

As  is  the  case  with  the  introduction  of  almost  all  new  things,  con- 
siderable opjwsition  must  be  anticipated,  and  distrust  can  only  be  erased 
from  the  minds  of  mining  engineers  by  replying  to  any  objections  which 
may  be  raised,  or  by  giving  them  the  opinions  of  those  who  have  already 
had  practical  experience  of  the  new  motive  power. 

The  author  will  now  state  such  advantages  as  he  thinks  may  fairly  be 
claimed,  and  also  those  objections  which  are  most  frequently  raised  in 
connexion  with  electricity  when  applied  to  mining  work. 

The  advantages  claimed  may  be  tabulated  as  follows  : — 

1 .  A  very  large  increase  in  working  efficiency  over  any  other  known 

form  of  power  transmission. 

2.  Considerable  reduction  in  capital  expenditure,  when  compared 

with  other  systems,  a  reduction  which  becomes  more  and  more 
apparent  as  the  distance  for  the  power  to  be  transmitted 
increases. 

3.  Increased  facility  in  running  the  cables  when  compared  with  the 

laying  of  air  or  hydraulic  mains. 

4.  Veiy  small  loss  in  the  cables  through  resistance  or  leakage  to 

earth,  when  compared  with  the  waste  in  a  compressed-air 
system. 

5.  Smallness  in  size  of  the  machinery,  thus  proving  itseK  to  be  of 

a  portable  nature  and  easily  manipulated. 

6.  Absence  of  heat  from  the  machinery  underground. 

7.  Great  simplicity  in  working. 

8.  Very  small  cost  of  maintenance. 

9.  Finally,  the  ease  and  speed  with  which  the  whole  plant  can  be 

erected  and  set  to  work. 
The  principal  objections  raised  against  the  employment  of  electric 
power  are  the  following  : — 

1.  Danger  arising  from  sparking  at  the  motor  brushes  and  main 
switch  underground. 
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2.  The  idea  that  electrical  machinery  is  of  too  delicate  a  nature  for 

use  in  mines. 

3.  Risk  of  fire  from  breaking  of  the  main  cables,  by  falls  of  stone, 

derailed  tubs,  or  other  causes. 

The  author  trusts  that  the  general  matter  contained  in  this  paper  will 
fully  demonstrate  the  advantages  set  forth  above,  and  will  therefore 
confine  himself  to  answering  the  objections. 

Firstly,  as  regards  the  danger  arising  from  sparking  at  the  brushes  of 
the  motor's  underground.  This,  in  some  pits  where  gas  is  perceptible,  may 
certainly  be  put  forward  as  an  argument  why  ordinary  electrical  machinery 
should  not  be  employed,  although  the  danger  of  firing  gas  by  means  of 
sparking  at  the  brashes  has  been  very  much  overrated.  To  meet  this 
objection,  an  electric  motor,  known  generally  as  the  Goolden  safety 
mining  motor,  has  been  designed,  in  which  the  whole  of  the  revolving 
armature,  including  the  commutator  and  brushes,  is  absolutely  enclosed 
in  a  strong  metal  gas-tight  cover,  while  the  lead  of  the  brushes  can  be 
altered  during  running  without  opening  this  cover. 

In  order  to  admit  of  running  electric  motors  with  their  armatures 
perfectly  enclosed,  the  regular  principles  of  dynamo  designing  have  been 
departed  from,  chiefly  on  account  of  the  absence  of  ventilation,  but  these 
difficulties  have  been  satisfactorily  overcome,  and  enclosed  motors  have 
now  been  in  practical  use  for  several  yeai-s,  and  have  given  most  excellent 
results. 

In  addition  to  the  covering  in  of  the  armature  and  brushes,  the 
magnet  coils  are  also  surrounded  by  steel  lagging  or  sheathing,  and  are 
thus  protected  against  falls  of  stone,  and  the  effects  of  damp,  etc.  All 
terminals,  binding  screws,  etc.,  are  enclosed  in  metal  boxes,  and 
switches  and  resistances  are  protected  in  a  similar  manner  with  gas-tight 
covers.  The  motore  thus  enclosed  may  with  eveiy  confidence  be  used  in 
places  where  firedamp  may  be  found  to  exist. 

The  makers,  in  order  to  satisfy  themselves  as  to  the  exclusion  of  gas 
from  their  enclosed  motoi-s,  carried  out  an  experiment,  in  which  one  of 
then-  mining  motors,  which  had  been  running  previously  for  about  six 
mouths,  was  placed  in  a  large  box  filled  with  coal  gas.  After  remaining 
for  five  hours  in  this  box,  the  motor  was  tested  by  drawing  from  the 
interior  of  the  enclosed  cover  (by  means  of  a  small  pipe)  some  of  the 
interior  atmosphere.  On  this  being  tested  by  means  of  an  eudiometer,  it 
was  not  found  to  be  of  an  explosive  nature,  and  a  further  test  with  a  gas 
detector  showed  that  only  0"5  ^Der  cent,  of  gas  had  jiercolated  into  the 
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cover  during  five  hours.  There  would  have  had  to  be  at  least  five 
times  this  amount  of  gas  present  inside  the  cover  before  any  danger 
could  be  anticipated,  even  were  the  armature  damaged.  This  experiment 
clearly  showed  that  a  mining  motor  of  this  description  would  be  absolutely 
safe  for  a  period  of  25  hours  in  an  atmosphere  heavily  charged  with  coal- 
gas,  a  condition  of  things  which  was  not  at  all  likely  to  occur  in  practice, 
and  one,  moreover,  which  few  safety-lamps  could  be  guaranteed  to  with- 
stand, at  any  rate  in  anything  like  a  rapid  current  of  air.  As  an  instance 
of  the  value  of  enclosing  motors  in  this  manner,  the  fact  may  be  men- 
tioned that  pennission  has  been  given  by  the  authorities  at  the  Home 
Office  for  their  adoption  at  the  mills  of  the  Smokeless  Powder  Company, 
notwithstanding  the  fact  that  official  sanction  was  refused  for  the  use  of 
ordinary  electric  motors. 

There  is,  however,  one  other  point  requiring  explanation  which  comes 
under  objection  No.  1,  and  that  is  the  question  of  the  switch  used  in 
connexion  with  mining  motors. 

The  author  holds  that  this  is  of  quite  as  much  importance  as  the 
enclosing  of  the  motors  themselves. 

Should  it  be  found  necessary  to  open  the  cover  to  reset  the  brushes, 
an  enclosed  non-sparking  switch  is  provided,  by  means  of  which  the 
current  can  be  immediately  cut  off  fi'om  the  motor.  This  switch,  were 
it  of  an  ordinary  pattern,  would  develop  a  large  spark  on  breaking  the 
cu'cuit  while  the  current  was  flowing,  and  it  is  most  important  that  this 
should  be  avoided.  The  spark  derived  from  an  ordinary  open  switch 
would  be  considerably  greater  than  any  that  would  be  caused  through 
sparking  at  the  brushes. 

In  the  case  of  a  series-wound  dynamo  the  following  plan  has  been 
adopted : — A  resistance-coil  of  small  self-induction  is  always  connected  in 
parallel  to  the  ends  of  the  magnetizing  coil,  so  as  to  form  a  path 
through  which  a  current  in  the  latter  may  continue,  even  when  the  main 
circuit  is  broken.  The  switch  is  arranged  in  a  similar  manner,  so  that 
before  breaking  the  circuit  the  coil  of  the  magnets  is  short-circuited. 
By  this  means,  the  act  of  breaking  the  circuit  reproduces  the  conditions 
which  exist  in  the  case  of  a  shunt-wound  generator  and  shunt-wound 
motor,  and  the  only  sparking  which  results  is  that  due  to  the  self- 
induction  of  the  line  and  armatures. 

In  order  further  to  diminish  this,  the  switch  itself  has,  on  its  lowest 
side,  a  resistance-coil  connected  to  the  several  points  with  which  it  makes 
contact,  the  wire  being  large  enough  to  carry  the  current  for  the  short 
time  during  which  the  switch  is  passing  over  them.     The  result  is  that 
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by  the  time  the  circuit  is  open,  the  series-wound  dynamo  has  practically 
ceased  to  excite  itself,  the  electromotive  force  and  current  are  very  small 
and  the  sparking  practically  nil. 

The  author  thinks,  then,  that  the  first  objection,  viz.,  sparking  at 
the  motor  brushes  or  switch,  has  now  been  fully  dealt  with,  but  the 
greatest  importance  should  be  attached  to  the  fact  that  some  of  these 
motors  have  now  been  in  actual  use  for  upwards  of  fom'  years,  some  of 
them  being  employed  at  the  face  for  coal-cutting,  and  others  in  places 
where  the  use  of  safety-lamps  only  is  permitted.  The  above  forms  a 
test  therefore  of  a  really  practical  natm-e. 

As  to  the  second  objection,  viz.,  that  electrical  machinery  is  of  too 
delicate  a  nature  for  use  in  mines,  a  brief  description  of  the  dynamos  and 
motors  used  by  the  author  wiU  show  that  such  is  not  the  case.  ■ 

The  shafts  of  the  motors  which  formerly  used  to  be  1|  inches  in 
diameter,  have  in  mining  work  been  increased  to  3  inches. 

The  armatures,  where  the  difficulty  used  to  be  that  the  wires  under 
varying  loads  and  subjected  to  shocks  or  jars  would  shift  and  so  fray  the 
insulation,  are  now  carefully  driven  into  position  by  means  of  insulated  keys 
fitted  into  slots  in  the  periphery  or  on  the  inner  surface  of  the  core,  and  the 
wires  after  being  placed  in  position  are  carefully  packed  with  mica  or  some 
other  solid  insulator  before  being  bound  down  with  steel  wire.  The  commu- 
tators and  brushes  have  also  been  much  increased  in  strength,  and  are 
carefully  insulated  with  mica.  The  breakdown  of  the  armature  is  therefore 
rendered  almost  impossible.  The  armature  and  commutator  are  further 
completely  enclosed,  as  ah-eady  explained,  so  that  they  cannot  be  damaged 
mechanically  by  falling  stones  or  electrically  by  moisture.  The  ends  of 
the  bearings  are  closed  by  metallic  caps  so  that  no  dirt  can  enter.  Special 
lubrication  is  also  adopted,  resembling  a  sight-feed  lubricator  in  principle, 
so  that  wicks  or  syphons  are  dispensed  with  and  perfect  lubrication 
obtained.  Under  these  cii'cumstances  the  wear  and  tear  on  the  bearings 
is  almost  imperceptible  owing  to  their  large  size  and  the  exclusion  of  dirt. 
Motors  of  this  kind  can  be  used  for  driving  machinery  directly  by  means 
of  spur-gearing  without  the  intervention  of  belting. 

Many  practical  engineers  naturally  objected  to  the  use  of  belting, 
especially  underground,  on  account  of  the  difficulty  of  keeping  it  in 
proper  working  order,  and  because  any  sudden  variation  in  the  load  was 
liable  to  make  it  slip  or  even  break  or  come  off.  Further  than  this,  in 
order  that  the  belt  might  work  at  all,  it  was  necessary  to  place  the  motor 
at  some  distance  from  the  machine  to  be  driven,  and  this  necessitated  a 
separate  foundation,  which  was  often  difficult  to  obtain  underground. 
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But  by  the  use  of  properly  designed  motors,  gearing  can  be  substituted  for 
the  belting,  the  motor  can  be  placed  on  the  same  bed-plate  as  the  machine, 
and  in  fact  form  part  of  it,  so  that  the  whole  forms  one  rigid  and  compact 
machine,  which  can  be  moved  from  place  to  place  as  occasion  requires,  and 
foundations  of  any  sort  can  almost  be  dispensed  with.  In  fact,  founda- 
tions are  not  so  necessary  as  with  steam  machinery  of  the  same  class  ;  for 
the  reciprocating  motion  which  so  often  causes  vibration  does  not  exist  in 
this  case. 

From  the  above  description  it  will  be  seen  that  electrical  machinery 
does  exist  which  is  in  every  way  fitted  for  use  in  mines,  and  being 
made  in  a  very  strong  manner  is  well  calculated  to  withstand  the 
ordinary  rough  treatment  met  with  in  mining  work. 

The  motor  being  enclosed  as  to  every  part,  it  is  impossible  for  an  un- 
skilled man  to  get  a  shock,  even  were  he  to  fall  right  over  the  machine ; 
and  in  fact  a  fall  of  stone  might  occur  without  even  damaging  the  motor, 
so  thoroughly  and  strongly  is  it  enclosed.  In  order  to  give  the  actual 
cost  of  running  electric  plants  the  author  has  communicated  with  Mr. 
Martin,  member  of  this  Institute,  who  says : — "  No  account  was  kept  of 
the  cost  of  working  the  hydraulic  pumps  (which  were  replaced  by  the 
electric),  that  is  as  I'egards  repairs  and  stores,  which  were  very  heavy ; 
while,  as  regards  the  present  pump  the  cost  for  stores  and  repau'S  has 
been  so  small  as  not  to  be  worth  taking  into  account." 

Mr.  W.  Wardle,  who  is  working  a  large  electric  hauUng-engine  at 
about  a  mile  from  the  shaft,  writes : — "  I  can  safely  say  the  cost  of  work- 
ing and  maintaining  it  will  not  be  more  than  one-fourth  of  that  of 
working  by  compressed  air  under  similar  conditions,  and  the  first  cost  of 
putting  our  plant  down  was  not  more  than  one-third  what  a  compressed- 
air  plant  to  do  the  same  work  would  have  been." 

The  author  now  turns  to  the  third  objection,  viz.  : — That  if  the 
cables  transmitting  the  power  are  damaged  or  broken,  the  possibihty 
exists  that  a  spark  or  burning  arc  will  be  formed  which  may  fire  the  pit 
or  cause  an  explosion.  This  point  is  principally  urged  in  connexion 
with  collieries  where  great  difficulties  are  found  to  exist  in  maintaining 
a  roof  along  which  the  cables  are  usually  carried.  The  author's  practice 
has  been,  where  the  roof  is  good,  to  carry  the  cables  along  the 
roof  on  stoneware  insulators,  and  if  the  roof  is  generally  good,  but 
subject  to  occasional  falls,  he  puts  the  cable  in  india-rubber  slings. 
When  thus  arranged,  should  the  roof  fall,  the  cable  is  carried  with 
it,  the  india-rubber  sling  giving  way  and  allowing  it  to  come  down  on 
either  side  of  the  fall.     If  the  roof  is  one  where  difficulty  habitually 
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occurs,  and  fresh  timber  has  to  be  constantly  erected,  it  is  better  at  once 
to  place  the  cables,  say,  six  inches  underground,  where  they  will  be  free 
from  disturbance. 

In  order  to  meet  those  cases  in  which  the  main  cable  might  become 
broken,  a  safety  mining-cable  has  been  devised  (by  Mr.  Atkinson)  which 
may  be  actually  broken  by  faUing  timber  or  falling  stone,  or  by  tubs 
leaving  the  road  along  which  the  cable  is  placed,  without  causing  a  spark 
or  burning  arc  at  the  point  of  fracture. 

The  explanation  and  diagi-ams  given 
herewith  show  how  this  result  is  ob- 
tained. In  Fig.  1,  A  A'  are  the  two 
poles,  say,  of  the  generating  dynamo,  and 
B  B'  are  the  two  poles  of  the  motor  or 
lamps.  These  are  connected  each  by  two 
wires,  a  main  conductor  L  L',  and  a  sub- 
sidiary conductor  M  M'.  These  wires  will,  of  course,  carry  current  simply 
in  proportion  to  the  carrying  capacity  of  each  wire,  and  in  circuit  with 
each  is  a  fuze  C  C  in  the  main  conductor,  and 
S  S'  in  the  subsidiary  conductor.  Suppose  the 
main  conductor  be  broken,  provided  that  the  sub- 
sidiary conductor  M  M'  is  not  broken,  no  spark 
will  result  at  breaking,  as  the  circuit  is  still 
closed,  but  the  whole  current  now  traverses  the 
subsidiary  conductor,  and  the  frize  S  S'  at  once 
melts.  This  fuze  allows  a  weight  to  fall  (see 
Fig.  2,  where  W  is  the  weight  and  P  P  the 
switch),  and  this  instantly  disconnects  the 
whole  circuit.  Such,  then,  is  the  principle. 
The  practical  form  of  cable  to  carry  this  into  effect  is  shown  in  Fig.  3 
A  closely  wound  spiral  of  tinned  copper  wire,  several  wires  being  for  pre^ 
ference  airanged  in  parallel,  is  braided  over,  but  not  heavily  insulated 
Over  this  is  laid  a  stranded  con- 
ductor of  the  required  area,  and 
this  in  turn  is  properly  insulated 
according  to  any  of  the  usual 
methods.  If  the  cable  is  torn 
down  from  the  roof  or  broken  in  any  way  in  tension,  this  inner  con- 
ductor extends  to  an  indefinite  extent,  for  as  it  gets  drawn  out  the  diameter 
of  the  spfral  decreases,  and  hence  it  becomes  quite  loose  in  its  tube.  This 
spiral  conductor  carries  the  cuiTent  for  an  instant  till  the  fuze  breaks, 
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when  the  whole  condactor  is  disconnected  from  the  supply.     Fig.  4  shows 

the  cable  thus  broken  and  extended.     It  sometimes,  however,  happens 

that  a  cable  may  be  cut  in  two  by  a  falling  stone  or  even  by  a  shai-p 

instrument  like  a  knife  or  axe.     By  a  small  addition  to  the  arrangements 

already  provided  this 

also  leads  to  an  instant       ,     . 

disconnexion   of    the      I      E 

circuit  before  it  finally  Fig  *■ 

breaks,  and  hence  there  will  be  no  spark  at  the  point  of  rupture. 

Experiments  with  this  cable  easily  demonstrate  that  the  result 
arrived  at  is  complete,  and  that  the  action  by  which  the  broken  cable 
is  disconnected  at  the  dynamo  is  very  prompt  indeed,  being  practically 
instantaneous.  As  further  bearing  on  a  point,  on  which  great  stress 
has  been  laid  by  people  interested  in  opposing  the  introduction  of 
electricity,  the  designers  of  this  cable  have  been  at  some  trouble  to  make 
enquiries  at  mines  and  collieries  where  electricity  has  been  in  use  for  some 
years,  and  have  been  so  far  unable  to  find  any  case  where,  with  cables 
properly  put  up  in  the  first  instance,  any  danger  whatever  has  resulted. 
It  is,  of  course,  unnecessary  to  add  that,  if  inferiorly  insulated  cables  are 
put  up  without  due  regard  to  the  conditions  of  underground  work, 
danger  may  possibly  arise ;  but  this  is  no  necessary  part  of  the  electric 
system,  and  would  happen  if  almost  any  system  were  adopted. 

Having  now  dealt  with  the  three  objections  raised,  the  author  will 
proceed  to  consider  the  general  question  of  the  transmission  of  power  by 
electricity. 

Transmission  of  Power. 

When  power  is  transmitted  from  one  place  to  another  by  means  of  a 
fluid,  such  as  steam,  air,  or  water,  through  pipes,  the  difficulty  of  pre- 
determining the  exact  loss  of  power  from  friction  in  these  pipes  is  very 
great ;  in  fact,  it  varies  so  much  under  different  circumstances  that  the 
author  believes  that  exact  determination  may  be  said  to  be  impossible. 
So  also  the  loss  of  power  in  the  motors  driven  by  fluids  is  equally  unde- 
terminable with  any  degree  of  accuracy,  on  account  of  the  variations  in 
efficiency  caused  by  slight  alterations  in  load  or  speed,  or  by  leakage 
through  the  valves  or  packings. 

These  difficulties  in  calculation  do  not  present  themselves  with  electrical 
transmission  of  power.  The  loss  of  power  in  the  cables  depends  solely  on 
the  electrical  resistance,  which  is  a  practically  constant  (juantity,  and  the 
current  passing  through  the  cables,  which  can  be  estimated  with  great 
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accuracy.  Xor  is  the  loss  of  power  iu  the  motors  more  diflBcult  to  estim- 
ate :  first,  because  with  a  given  motor  the  losses  can  be  calculated  with 
ahnost  any  degree  of  accuracy,  from  its  known  resistance  and  electrical 
or  magnetic  quaUties;  and  secondly,  since  the  experimental  determination 
of  the  efficiencies  of  dynamos  and  motors  is  so  readily  earned  out,  a  very 
great  number  of  actual  efficiency  tests  have  been  taken,  from  which  the 
efficiency  of  a  given  size  of  machine  of  any  particular  type  or  construc- 
tion can  be  easily  foretold. 

The  calculation  therefore  of  the  power  wasted  in  transmitting  power 
by  means  of  electricity  is  extremely  simple,  and  the  efficiencies  of  a 
plant  can  be  readily  foretold  and  the  results  to  be  obtained  guaranteed 
with  perfect  confidence. 

The  author  thought  that  it  might  be  of  interest  if  he  took  two  typical 
cases  and  presented  the  results  of  the  calculations  in  such  a  way  that  the 
members  of  the  Institute  could  compare  them  with  those  obtained  in 
practice  by  any  other  methods. 

In  Table  I.  he  has  assumed  that  a  pump,  delivering  250  gallons 
j)er  minute  against  a  total  head  (including  friction  in  the  rising  mains) 
of  4:50  feet  vertical,  is  situated  at  a  distance  of  2,000  yards  from  the 
generating  plant.  The  calculations  have  been  worked  out  for  three 
different  sizes  of  cable,  so  that  the  effect  of  this  on  the  total  efficiency  of 
the  plant  can  be  seen,  and  at  the  same  time  the  costs  of  the  plant  with 
these  different  sizes  has  been  given. 

The  cable  selected  is  insulated  with  vulcanized  india-rubW,  and  suit- 
able for  underground  work  in  wet  places  ;  the  engine  is  of  the  high-speed 
"Willans  tyi3e. 

Two  columns  are  also  given  showing  the  coal  consumption,  taking 
2'8  lbs.  of  coal  per  indicated  horse-power  per  hour,  a  figure  in  excess  of 
what  can  be  readily  obtained  by  the  use  of  high-speed  engines  of  this  type. 

It  is  to  be  noticed  that  40  actual  brake  horse-power  at  the  motor 
are  obtained  by  the  expentUture  of  about  70  indicated  horse-power 
in  the  engine,  or  including  all  the  losses  in  engine,  belting,  dynamo,  mains, 
and  motor,  the  efficiency  of  the  plant  is  about  57  per  cent.  The  electric 
pressm-e  used  in  this  case  is  600  volts  at  the  dynamo,  a  pressure  which 
might  easily  be  exceeded  with  this  size  of  plant  if  it  was  thought  desirable 
to  reduce  the  loss  of  power  in  the  mains. 

The  engine  has  been  assumed  to  be  working  near  its  full  load,  other- 
wise if  only  lightly  loaded  the  percentage  of  loss  in  the  engine  would  be 
increased,  and  the  total  gi-oss  efficiency  of  the  whole  plant  reduced  to  a 
small  extent. 
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Table  I.— Pump  delivering  250  Gallons  per  Minute,  450  Feet  Lift. 


Size  of  cables    ...         ...         ...         

Distance  from  engine  to  pump         ...  (yards) 

Indicated  horse- power  of  engine      

Electrical  horse-power  given  out  by  dynamo 

Horse-power  lost  in  mains     ... 

Per  cent,  of  indicated  horse-power  lost  in  mains  ... 

Horse-power  put  into  motor 

„  lost  in  motor     ... 

Brake  horse-power  of  motor  ... 
Per  cent,  of  indicated  horse-power  put  into  motor 
Useful  work  done  in  raising  water     (horse-power) 
Per  cent,  of  indicated  horse-power  in  useful  work 
Lbs.  of  coal  burnt  per  1,000  gallons  lifted  450  feet 
Lbs.  of  coal  burnt  per  brake  horse-power  per  hour 

of  motor        

Cost  of  plant,  erected  and  started,  including  steam 

engine,    pump,    dynamo,    motor,    cables,    and 

regulating  gear 


1 

2 

3 

19/16 

19/15 

19/14 

2,000 

2,000 

2,000 

72 

69 

67 

52-8 

50 '8 

49-4 

9-3 

7-3 

5-9 

13 

10-6 

8-8 

43-5 

43-5 

43-5 

3-5 

3-5 

3-5 

40 

40 

40 

55o 

57-6 

58-8 

34 

34 

34 

47-2 

49-2 

50-6 

13-4 

12-9 

12-5 

5-6 

4-9 

4-7 

£1,695 

£1,755 

£1,820 

In  Table  II.  the  author  has  selected  the  transmission  of  100 
horse-power  a  distance  of  5  miles.  He  has  done  this  because  it  some- 
times happens  that  natural  power,  such  as  water,  is  obtainable  at  a 
distance,  or  power  can  be  generated  cheaply  at  a  colliery  and  trans- 
mitted to  a  distance,  where  coal  and  water  are  not  readily  obtained. 

In  this  case  it  has  been  assumed  that  the  transmission  is  to  be  carried 
out  on  the  surface  and  not  underground  ;  bare  copper  conductors  are 
therefore  selected,  and  the  estimate  includes  poles  and  insulators,  and  all 
necessaries  for  the  erection  of  the  line. 

It  will  be  noticed  that  the  loss  of  power  in  the  line  and  electrical 
machinery  is  by  no  means  prohibitive,  even  were  coal  the  source  of  power ; 
but  where  natural  power  is  obtainable  at  a  cheap  annual  rental,  the  results 
shown  would  in  most  cases  well  repay  the  expenditure  of  such  a  sum  as  is 
shown  in  the  estimate. 

The  loss  of  power  in  the  line,  which  here  amounts  to  23  per  cent,  of 
the  power  developed  by  the  engine,  might,  of  course,  be  reduced  by  in- 
creasing the  size  of  the  mains,  or  by  increasing  the  electric  pressure,  but 
it  is  doubtful  wh£ther  either  course  would  be  thought  necessary  under  the 
conditions  assumed  by  the  author.  Although  in  the  estimate  it  has  been 
assumed  that  one  100-horse-power  motor  would  be  used,  the  power  might 
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readily  be  received  and  distributed  by  several  motors  ;  but  the  author 
thinks  that  in  this  case  it  would  be  desirable  to  use  the  one  large  motor 
which,  by  driving  a  dynamo,  would  distribute  power  to  several  smaller 
motors  at  a  lower  pressure,  more  suitable  for  being  handled  or  used  by 
motors  which  are  constantly  being  moved  from  place  to  place,  such  as 
coal-cutting  machinery,  drills,  dip  pump,  or  portable  hauliug-engines. 

Table  II. — Showing  Details  and  Cost  op  ax  Electric  Plaxt  to 
TRANSMIT  100  Horse-power  a  distance  of  5  Miles. 

Per  cent,  of  Brake 


Brake  horse-power  of  engine  or 

Horse-power,    jj,,;/^ 
turbine    ...             168 

cent.  01 
-power  o 

Hor>e-power  lost  in  belting 

8 

4-8 

„            in  dynamo 

II 

6-5 

„           given  out  by  dj-namo 

149 

— 

„           lost  in  line 

.S9 

23-2 

„           received  by  motor 

110 

— 

„           lo.st  in  motor    ... 

10 

6-0 

Brake  horse-power  of  motor 

100 

59-5 

Electrical  Details 

Volts  at  dynamo 

1,080 

„     at  motor    ... 

800 

Current  in  amperes 

... 

103 

Size  of  cable 

19/12  s.w.G 

Approximate  Cost. 

Generating  Plant. — Dynamo,  exciter,  foundation-rails,  belting,  .switch- 
board, instruments,  and  regulating  gear ...         ...         ...  £925 

Line. — Copper  cable,  steel  suspending  wire,  suspenders,  insulators,  poles, 

lightning  protectors,  and  erection  of  same  2,100 

Receiving  Plant. — Motor,  foundation-rails,  switches,  regulating  gear,  and 

instruments      ...         ...         ...         ...         ...         ...         ...         ...         ...  550 


Total  cost      £3,575 


An  inspection  of  Tables  I.  and  II.  will  prove  to  the  members  with 
what  ease  and  at  what  a  comparatively  small  cost  power  can  be  trans- 
mitted to  considerable  distances,  and  the  author  therefore  desires  at  this 
point  to  draw  attention  to  one  or  two  of  the  conclusions  which  are  deduced 
from  this  fact. 

First,  where  there  are  two  or  more  collieries  under  the  same  manage- 
ment within  a  comparatively  short  distance  of  one  another,  at  which 
power  is  required,  he  would  urge  the  desirability  o?  establishing  one 
central  station  where  plant  would  be  installed  of  sufficient  power  to  serve 
the  several  collieries.     The  advantages  of  this  plan  are  clear  ; — 
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a.  Inasmuch  as  all  the  machinery  will  not  be  working  to  its  full 
capacity  at  each  of  the  collieries  simultaneously,  the  actual 
power  at  the  one  central  station  will  be  less  than  the  sum  of 
the  powers  which  would  have  to  be  installed  in  each  separate 
position,  and  in  addition  to  this  the  plant  would  be  cheaper 
.  because  the  price  of  machinery  does  not  vary  directly  as  its 
output. 

J.  The  cost  of  maintenance  of  a  few  large  dynamos  and  engines 
will  be  less  than  that  of  a  greater  number  of  small  ones. 

c.  Greater  efficiency  is  obtained  by  running  the  machinery  more 

nearly  at  its  full  load,  the  percentage  variations  of  power 
required  being  smaller,  when  a  large  number  of  motors  are 
taking  power  from  one  plant. 

d.  The  cost  of  attendance  on  the  generating  plant  will  be  enor- 

mously reduced,  the  same  number  of  men  being  able  to  attend  to 
the  one  central  station  as  would  attend  to  each  of  the  separate 
.  plants. 

The  great  saving  in  all  these  directions  has  been  fully  proved  by  actual 
practice  in  the  large  central  stations  supplying  light  and  power  in  London 
and  other  large  towns. 

Nor  should  electric  motors  be  used  for  underground  work  only,  but 
they  should  be  adopted  in  place  of  the  many  small  engines  at  present  in  use 
at  the  surface  for  various  purposes,  such  as  coal- washing,  driving  pick- 
ing-belts, screens,  fans,  circular  saws,  machinery  in  the  tool-shops,  lamp- 
cleaning  machines,  and  many  others.  This  change  cannot,  of  course,  be 
effected  at  existing  collieries,  but  should  be  borne  in  mind  when  laying 
out  new  pits. 

The  main  objection  to  the  use  of  motors  for  these  surface  purposes 
was,  of  course,  that  they  required  to  be  put  into  a  house  or  shed,  but  with 
the  motors,  such  as  the  author  has  described,  which  are  themselves 
enclosed,  no  further  protection  is  needed,  and  they  may  be  left  exposed 
to  the  atmosphere  without  fear  of  damage. 

Secondly,  there  are  many  cases  now  existing  where  water  is  pumped 
some  distance  for  use  in  the  boilers,  special  engines  and  boilers  being  laid 
down  at  each  of  these  pumping  stations,  and  coal  having  frequently  to  be 
carted  some  distance  for  their  use.  These  engines  and  boilers  can  be 
easily  replaced  by  electric  pumps,  and  in  fact  the  author  is  now  replacing 
one  at  a  colliery  in  Durham.  In  some  cases  also  the  fans  for  ventilating 
the  mine  are  at  some  distance  from  the  boilers  ;  the  author  is  aware 
of  a  case  where  the  coal  and  water  for  the  boiler  driving  the  fan  are 
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carted  1^  miles  up  a  steep  hill.  This  engine  would  be  replaced  by  an 
electric  motor  with  a  great  saving  in  cost  of  working.  Other  cases  will 
at  once  occur  to  those  who  have  to  deal  with  them. 

There  appears  to  be  a  general  impression  that  the  actual  efficiency  of 
transmission  of  power  at  a  colliery  is  of  little  importance,  since  coal  is 
cheap,  and  sometimes  coal  which  is  unsaleable  is  burnt.  The  author 
would  venture  to  point  out  that  such  a  deduction  is  quite  erroneous.  Let 
us  assume,  for  the  sake  of  comparison,  that  100  horse-power  is  being 
transmitted  by  two  methods — by  one  means  an  efficiency  of  50  per  cent,  is 
obtained,  and  by  the  other  only  25  per  cent. 

The  engines  in  the  first  case  would  indicate  200  horse-power,  while  in 
the  latter  they  would  have  to  indicate  400  horse-power.  The  boilers 
would  be  double  the  size  or  number  in  the  second  case  compared  with  that 
in  the  first.  The  cost  of  maintenance  of  generatiug-plant  developing 
400  horse-power  would  be  nearly  double  that  of  the  smaller,  and  the  cost 
of  attendance  would  also  be  much  greater  ;  taking  into  account  therefore 
the  larger  capital  expenditure,  it  would  probably  not  be  saying,  too  much 
if  the  cost  of  running  the  second  plant  were  put  down  at  twice  that  of 
the  first. 

From  this  point  of  view,  the  importance  of  efficient  machinery 
becomes  apparent,  and  this  alone  is  a  great  argument  in  favour  of  the 
adoption  of  electric  plant. 

If  we  take  a  50  horse-power  motor  as  a  customary  size  in  use  for  haul- 
ing or  pumping,  fv  comparison  between  the  efficiencies  of  the  air  or  steam 
and  the  electric  motor  will  be  immensely  in  favour  of  the  latter. 

The  steam  or  air  engine  will  probably  have  an  efficiency  not  exceeding 
75  i^er  cent,  at  most,  perhaps  not  even  so  good  as  this,  while  an  electric 
motor  of  this  size,  even  of  the  Gramme  type,  will  have  an  efficiency  of  88 
{Xir  cent,  to  90  per  cent.  In  the  same  way  with  the  compressors  and 
dynamos  the  figures  will  be  largely  in  favour  of  the  latter. 

With  air  therefore  under  the  best  circumstances,  that  is  with  good 
compressors,  a  good  pipe  line  which  does  not  leak,  and  good  motors,  it 
is  doubtful  whether  the  efficiency  can  exceed  45  per  cent.,  even  when 
the  air  is  heated  before  entering  the  motor,  but  such  a  figure  is  never 
obtained  in  practical  working  ;  compressors  do  not  cool  the  air  sufficiently, 
pipe  lines  do  leak,  or  motors  are  not  as  efficient  as  depicted  above.  The 
usual  figures  obtained  in  practice  are  about  20  per  cent.,  and  from  25 
to  30  per  cent,  is  considered  an  extremely  good  result.  As  will  be 
seen  from  the  above  tables,  by  means  of  electricity  an  efficiency,  counting 
from  the  indicator  cards  of  the  engine  to  the  brake  horse-power  of  the 
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motor,  of  considerably  over  50  per  cent,  can  be  easily  obtained.  Many 
misleading  figures  have  been  published  as  to  the  efficiency  of  electric 
transmission  of  power,  when  efficiencies  of  over  75  per  cent,  have  been 
claimed.  These  figures  have  been  anived  at  by  taking  the  ratio  of  the 
brake  horse-power  of  the  motor  to  the  actual  brake  horse-power  supplied 
to  the  pulley  of  the  dynamo,  and  where  this  is  clearly  stated  the  result 
is  correct,  but  inasmuch  as  mining  engineers  are  in  the  habit  of  treating 
the  efficiency  of  a  pumping  plant,  for  instance,  as  the  ratio  of  the  horse- 
power given  out  by  the  pump  in  actual  water  raised  to  the  indicated 
horse-power  of  the  engines,  results  intended  for  comparison  should  be 
worked  on  this  basis,  and  therefore  the  author  has  done  this  in  Table  I., 
where  an  efficiency  in  that  case  of  about  50  per  cent,  is  shown. 

Lord  Durham's  Electric  Mining  Installation. 

The  author  thinks  that  perhaps  a  description  of  an  electric  mining 
installation,  recently  laid  down  by  him  at  one  of  the  Earl  of  Durham's 
collieries,  may  be  of  interest.  The  plant  is  probably  the  largest  and  most 
complete  in  this  country,  and  is  used  for  performing  several  of  the  most 
important  operations  necessary  in  colliery  work.  The  generating-plant 
(Fig.  5,  Plate  XVIII.)  is  situated  at  bank,  and  the  power  conveyed  to  a  very 
considerable  distance  underground,  where  the  several  machines  are  situated. 

The  engines  used  for  driving  the  generating-dynamos  are  of  the 
well-known  Willans  high-speed  type,  and  are  two  in  number,  each  being 
capable  of  developing  140  indicated  horse-power  at  a  speed  of  380 
revolutions  per  minute,  with  a  steam  pressure  of  90  lbs.  per  square  inch. 

Each  engine  has  two  cylinders,  17  inches  in  diameter,  with  a  stroke 
of  8  inches,  the  cranks  being  set  at  180  degs.  to  one  another. 

This  type  of  engine  was  selected — first,  because  on  account  of  their 
high  speed  the  engines  are  very  small  for  the  power  developed,  and  con- 
sequently the  space  occupied  is  much  smaller  than  with  slow-speed  engines. 
Secondly,  because  the  plant  can  be  readily  extended  by  putting  down 
similar  engines,  driving  additional  dynamos  without  altering  the  general 
design  of  the  generating  plant.  Thirdly,  because  owing  to  the  method  of 
lubrication  by  enclosing  the  cranks  and  moving  parts  in  an  oil  bath  they 
require  exceptionally  little  attention,  and  all  moving  parts  being  enclosed 
in  a  case  they  are  particularly  suited  to  places,  where,  as  at  a  colliery, 
there  is  much  dust.  Fourthly,  because  extended  experience  has  shown 
that  they  are  pre-eminently  suited  for  driving  electric  machinery,  and  for 
running  for  long  periods  without  stopping.  The  engines  are  placed 
at  either  end  of  a  length  of  shafting,  which  they  drive  through  clutches. 
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From  the  pulleys  on  this  shaft  the  dynamos  are  driven  by  means  of 
leather  link  belts,  the  belt  for  the  power  dynamos  being  IS-inches  wide, 
while  a  6-inch  belt  is  used  for  the  lighting  dynamo.  The  larger  belts  are 
flat,  but  are  made  up  of  three  smaller  belts  hinged  together,  so  that  the 
whole  belt  bends  to  suit  the  slight  curvature  given  to  the  face  of  the 
pulleys  to  keep  the  belt  nmning  on  the  centre.  There  are  two  power 
dynamos,  each  capable  of  giving  80  amperes  at  a  pressure  of  780  volts, 
when  running  at  a  speed  of  500  revolutions  per  minute.  This  is  equiva- 
lent to  an  output  of  84  electrical  horse-power  each.  They  are  separately 
excited  or  magnetized  by  a  small  dynamo,  which  is  also  used  for  lighting 
purposes,  giving  90  amperes  at  a  pressure  of  100  volts  and  a  speed  of  1,200 
revolutions  per  minute,  a  fourth  dynamo  giving  120  amperes  at  a  pressure 
of  100  volts  is  provided  for  lighting  and  exciting  pui-poses,  and  acts  as  a 
reserve  to  the  above. 

All  four  dynamos  are  mounted  on  slide-rail  foundations,  with  screws 
for  tightening  the  belts. 

As  the  two  power-dynamos  feed  into  the  same  pair  of  main  cables  it  is 
necessary  that  the  pressure  given  by  them  should  be  the  same,  and  capable 
of  regulation;  this  is  effected  by  varying  the  magnetizing  currents  pass- 
ing round  the  magnets  of  each  machine  by  means  of  resistances  fixed  on 
the  main  switchboards. 

The  power-dynamos  are  of  the  well-known  Goolden  mining  type ;  the 
armatures  are  Gramme-wound,  each  wire  being  securely  fixed  in  position 
by  means  of  keys  in  the  armature-core.  The  terminals  to  which  both  the 
exciting  and  high-tension  currents  are  brought  are  enclosed  in  metal 
boxes,  so  that  they  cannot  be  touched. 

The  current  from  these  dynamos  is  first  taken  to  the  switchboard  (Fig. 
6,  Plate  XVIII.)  where,  after  passing  through  the  ammeters,  one  of  which 
(as  well  as  a  voltmeter)  is  provided  for  each,  it  passes  through  the  main 
switches,  which  connect  it  to  the  automatic  switch  controlling  the  safety 
cable  as  described  above.  These  main  switches  are  double- pole,  of  the 
lever  pattern,  and  are  enclosed  in  insulated  covers,  so  that  the  metal  part 
cannot  be  touched;  double-pole  fuzible  cut-outs  are  also  provided. 

From  the  automatic  switch  the  cuiTcnt  passes  into  the  mains,  which 
are  taken  down  the  shaft  (Fig.  7,  Plate  XIX.)  and  run  a  distance  of  387 
yards  from  the  dynamos  to  a  point  termed  the  distributing  centre.  This 
portion  of  the  line  is  equivalent  in  area  to  a  19/14  cable,  though,  owing 
to  the  construction  of  the  safety-cable,  which  is  used  throughout,  a  greater 
number  of  smaller  wires  are  used. 

The  cable  here  branches,   cast-iron   junction  boxes,  provided  with 
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gas-tight  covers  and  clamp  terminals  inside,  being  used  to  effect  the 
connexion,  and  a  cable  equivalent  to  a  7/16  is  run  for  another  670  yards 
to  the  pump.  This  distance  will  be  ultimately  extended  as  the  water 
recedes,  and  the  pump  is  removed  farther  down  the  dip. 

On  the  other  circuit  a  cable  equivalent  to  a  19/16  is  run  a  distance  of 
1,290  yards  to  the  hauling-engine,  and  then  a  further  distance  of  1,500 
yards  to  the  winding-engine. 

The  cables  throughout  are  of  the  Atkinson  patent  safety-pattern, 
described  above,  and  are  insulated  with  two  layers  of  pure  india-rubber 
tape,  wrapped  in  opposite  directions  (Lord  Durham's  engineers  consider- 
ing that  as  the  pit  was  perfectly  dry  it  was  unnecessary  to  go  to  the 
expense  of  vulcanized  rubber),  and  then  covered  with  compounded  hemp 
braiding.  They  are  carried  on  porcelain  insulators  fixed  to  the  timbers 
or  roof,  being  run  on  opposite  sides  of  the  road. 

As  it  was  impossible  to  make  soldered  joints,  the  lengths  of  cable  are 
connected  by  means  of  terminals  fixed  on  a  slate  base,  enclosed  in  cast- 
iron  boxes. 

Switches,  which  can  be  opened  without  the  slightest  sparking,  are 
fixed  at  the  distributing  centre  to  cut  off  either  of  the  branch  cables,  and 
at  the  hauling-engine  to  cut  off  the  cable  running  down  to  the  winding- 
engine. 

The  pump  (Figs.  8  and  9,  Plate  XVIII.)  is  of  the  Goolden  standard 
mining  pattern,  and  is  capable  of  lifting  150  gallons  per  minute,  270  feet 
vertical  lift,  through  6-inch  pipes.  It  is  a  three-throw  ram  pump  with 
6-inch  rams,  8-inch  stroke.  The  rams  are  cast-iron,  but  the  cylinders  are 
fitted  with  phosphor-bronze  bushes.  Heavy  slipper-guides  are  provided 
to  take  the  thrust  of  the  connecting  rods.  The  motor  is  a  24-horse-power 
Goolden  mining  pattern,  and  is  mounted  on  an  extension  of  the  cast-iron 
bed  of  the  pump  (so  that  the  whole  can  be  moved  together)  and  drives  the 
pump  through  two  sets  of  cast-iron  gearing  with  double  helical  teeth. 

The  motor  is  stopped  and  started  slowly  by  means  of  a  Goolden  non- 
sparking  switch,  which  at  starting  gradually  cuts  out  resistances,  and  on 
stopping  re-inserts  them.  The  switch  is,  of  course,  enclosed  in  a  strong 
cast-iron  gas-tight  case. 

Here,  both  on  the  switchboard  and  the  motor,  as  at  the  dynamo,  all 
the  terminals  and  connexions  are  entirely  enclosed  in  metal  boxes,  so  that 
they  cannot  be  accidentally  touched,  and  although  as  long  as  the  insulation 
of  the  mains  and  machines  is  maintained  no  shock  can  be  experienced  by 
touching  one  terminal  only,  yet  experience  has  shown  that  the  slightest 
shock  frightens  the  men,  so  that  they  do  not  attend  properly  to  the 
machinery. 
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The  electric  hauling-engine  (Figs.  10,  11,  and  12,  Plate  XIX.)  is  for 
continuous  haulage,  and  is  capable  of  running  the  rope  at  a  speed  of  4  miles 
per  hour.  The  machine  consists  of  a  strong  cast-iron  bed,  which  carries  the 
motor  and  gearing.  The  motor  develops  40  brake  horse-power  at  a  speed  of 
6.50  revolutions  per  minute,  is  of  the  Goolden  patent  enclosed  type,  as 
described  above ;  it  drives  a  clip  pulley  (Hurd  patent),  5-feet  diameter, 
through  two  sets  of  cast-iron  gearing  with  double  helical  teeth.  A  clip 
pulley  is  used  in  preference  to  a  coned-dmm,  as  by  the  use  of  this 
particular  clip  the  wear  on  the  ropes  is  considerably  reduced,  there  being 
absolutely  no  slip,  and  as  the  clip  grips  the  rope  almost  all  round  it  is  not 
crushed  or  cut. 

The  winding  engine  (Figs,  13,  14,  and  15,  Plate  XIX.)  resembles 
the  hauling  gear  in  general  design,  the  clip  pulley,  however,  is  replaced  by 
a  drum,  4-feet  diameter,  divided  in  the  centre  by  a  flange.  It  is  fitted 
with  a  brake  drum  cast  on  to  it,  and  turned;  the  brake  strap  of  iron, 
without  wood  blocks,  is  controlled  by  a  hand-lever  behind  the  motor. 

The  switch  for  starting,  stopping,  reversing,  and  regulating  the  speed 
is  actuated  by  an  exactly  similar  lever.  The  man  stands  on  the  foot- 
plate, which  is  fitted  with  a  wooden  platform  carried  on  insulators,  and 
has  complete  control  over  the  machine  with  both  levers  ready  to  hand. 
Both  level's  play  over  notched  segments  with  the  usual  snap  lock. 

The  brushes  being  made  of  carbon  can  be  run  backwards  or  forwards 
without  any  sparking,  and  in  fact  no  lead  either  way  is  given  or 
necessary.  This  is  a  most  important  point,  as  the  brushes  consequently 
require  little  or  no  attention. 

This  engine  is  for  winding  up  a  staple,  144  feet  deep,  raising  about 
10  cwt.  of  coal  at  each  lift. 

The  motor  can  develop  32  brake  horse-power  at  full  load,  but  the  load 
for  lifting  is  considerably  less. 

Before  leaving  ilessrs.  Goolden's  works  the  machine  was  tested  to  see 
that  the  wheels  were  free  from  flaws  by  locking  the  drum  in  position,  and 
while  the  magnets  were  separately  excited,  passing  270  amperes,  or  ten 
times  the  normal  load,  through  the  armature,  cutting  it  on  and  off 
suddenly. 

Had  such  an  experiment  as  this  been  tried  with  a  machine  driven  by 
a  motor,  by  means  of  a  belt,  the  belt  must  either  have  broken  or  come  off, 
and  the  advantage  of  gearing  in  place  of  belting  on  such  a  machine  as 
this  is  at  once  apparent.  In  fact,  in  the  author's  opinion  the  use  of 
gearing  for  driving  machinery  of  this  kind  is  absolutely  imperative. 

It  is  to  be  noticed  that  all  electrical  parts  beyond  the  brushes  on  the 
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main  dynamos  are  entirely  enclosed,  so  that  they  cannot  either  be  acci- 
dentally touched,  nor  can  they  be  short-circuited,  so  as  to  cause  a  flash. 

This  point  is  of  some  importance,  as  on  the  motors  it  is  necessary  to 
attach  the  terminals  to  the  machine  itself,  which  is  strongly  magnetized, 
and  it  might  hap]^)en  that  if  the  man  was  adjusting  any  part  with  an 
iron  spanner  this  might  be  drawn  into  contact  with  the  terminals  ;  indeed, 
such  accidents  have  frequently  happened  when  using  ordinary  iron 
oil-cans. 

Provision  has  been  made  at  the  several  junction-boxes  for  tapping  off 
one  or  more  branch  cu'cuits  should  this  be  desired  at  any  time. 

The  pit  is  also  lit  underground  by  means  of  about  fifty  16 -candle- 
power  incandescent  lamps  to  a  distance  of  400  yards  in-bye.  The  switches, 
which  are  of  the  author's  design,  are  entirely  enclosed  and  of  a  very 
permanent  character ;  the  lighting  cables  are  carried  on  insulators 
between  the  power  cables.  The  whole  of  the  stables,  shaft-landings, 
cabins,  etc.,  underground  are  provided  with  the  electric  light.  The  lamps 
for  the  most  part  are  placed  inside  specially  designed  brackets,  provided 
with  strong  glass  globes,  and  protected  by  wire  guards ;  the  globes  are 
fitted  into  india-rubber  flange  joints,  so  that  no  coal-dust  can  enter  and 
short-circuit  the  lamp-holders. 

In  addition  to  the  electric  lighting  arrangements,  which  are  very 
complete,  a  combined  telephonic  and  signal-bell  system  has  been  laid 
throughout  the  whole  pit,  by  me^ins  of  which  telephonic  communication 
can  be  kept  up  between  any  of  the  electric-power  stations  underground, 
and  the  engine-house  at  bank. 

The  author  hopes  to  be  shortly  in  a  position  to  publish  the  results  of 
the  efficiency  tests  of  this  installation,  which  may  perhaps  prove  of 
interest  to  mining  engineers,  and  in  conclusion  begs  to  tender  his  best 
thanks  to  Messrs.  W.  T.  Goolden  &  Co.,  of  London,  and  to  Mr.  Claude 
Atkinson,  their  chief  mining  engineer,  for  the  assistance  rendered  him  in 
preparing  this  paper.  Should  he  have  been  the  means  of  clearing  up 
some  points  on  the  subject  of  electric  transmission  of  power  for  mining 
operations,  or  have  suggested  in  the  course  of  his  remarks  any  new  ideas 
for  the  consideration  of  mining  engineers,  the  author's  task  will  have 
been  fully  accomplished. 
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Mr.  G-EORGE  Baker  Forster  thought  that  the  subject  was  one  of 
considerable  interest  to  the  members  of  the  Institute.  There  was  no 
doubt  that  the  best  means  of  transmitting  power  to  in-bye  workings  and 
to  workings  inaccessible  to  steam  was  one  of  great  importance,  and  pro- 
bably many  of  them  would  adopt  electricity  in  such  cases.  Speaking  as 
a  mining  engineer,  although  personally  disposed  in  favour  of  electricity, 
he  must  say  that  they  required  further  experiments  and  assurances  in 
regard  to  the  possibility  of  the  ignition  of  gases  by  sparks.  It  might  be 
true,  as  Mr.  Bigge  observed,  that  a  Goolden  motor  could  be  exposed  in  a 
box  of  explosive  gases  for  a  lengchened  period ;  but  a  Davy  lamp,  if  it 
were  placed  in  a  box  of  explosive  gases,  might  be  safe  for  a  week,  but,  on 
being  brought  into  an  explosive  current  of  great  velocity  it  might  after- 
wards cause  the  gases  to  explode.  They  would  require  convincing  proof 
upon  this  point  before  venturing  to  put  electrical  motors  into  places 
liable  to  outbursts  of  gas. 

The  Hon.  C.  A.  Parsons  said  he  had  with  Mr.  Stoney  made  some 
tests  during  the  last  few  days  with  regard  to  a  spark  igniting  gas  on 
the  breaking  of  the  cable,  and  they  found  that  a  current  of  12  amperes 
and  12  volts  would  ignite  gas.  In  an  ordinary  mine,  working  in  a 
distance  of  a  few  hundred  yards,  there  would  be  more  than  12  volts,  and 
the  usual  current  more  than  1 2  amperes.  He  had  not  been  able  to  follow 
the  theory  of  the  Atkinson  cable,  and  he  could  not  see,  assuming  the 
cable  was  drawn  asunder  by  tension  and  the  internal  cable  was  pulled 
out,  that  it  would  be  sparkless  at  the  moment  of  breaking  the  outer 
conductor.  At  the  moment  of  breaking  they  would  have  a  difference 
of  potential  between  the  two  points  of  breaking  equivalent  to  the  tension 
that  would  be  necessary  to  drive  the  whole  current  through  the  internal 
wire  only,  which  would  practically  amount  to  the  whole  tension  of  the 
dynamo,  and  it  seemed  to  him  that  momentarily  there  would  be  a  very 
powerful  arc  formed,  almost  as  large  as  if  the  centre  wire  did  not 
exist.  He  thought  it  would  be  very  interesting  for  the  members  of  this 
Institute  to  see  experiments  actually  made  with  the  new  cable.  As  a 
matter  of  fact,  this  cable  was  tested  at  the  Cardiff  meeting  of  the  British 
Association  last  autumn,  and  it  was  not  sparkless.  He  did  not  think  that 
the  fuze  would  act  in  the  way  described.  As  regards  the  enclosed  case  of 
the  (xoolden  motors,  he  did  not  think  it  would  be  wise  to  rely  wholly  on 
this  excluding  the  gas  permanently.  The  safest  way  to  do  this  would  be 
to  put  the  motor  into  a  case  and  bring  the  shaft  out  through  packing 
boxes,  and  he  believed  patents  had  been  taken  out  during  the  last  few 
months  for  entirely  enclosing  the  motor  in  that  way. 
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Mr.  Claude  Atkinson  said  as  he  had  had  something  to  do  with 
designing  the  safety-cables  referred  to,  he  might  be  allowed  to  reply  to 
Mr.  Parsons.  Before  his  brother  and  himself  proposed  to  put  their  cable 
on  the  market,  they  thought  it  desirable  to  assure  themselves  that  it  could 
be  broken  without  sparking.  Accordingly  a  mile  of  it  was  constructed, 
and  a  very  considerable  number  of  experiments  were  tried  at  the  works 
before  the  invention  was  made  public.  The  one  thing  which  affected  the 
problem,  whether  a  spark  would  be  produced  at  the  breaking,  was  the 
question  of  the  self-induction  of  the  outside  cable,  and  the  self-induction 
of  the  core  or  inner  purt  of  the  cable.  If  they  could  assume  that  there 
was  absolutely  no  self-induction  in  the  cable  itself,  or  in  the  core  itself, 
they  would  be  able  to  get  over  the  difficulty  ;  but  both  the  outside  and 
inside  cores  had  considerable  self-induction.  In  the  case  of  water  flowins: 
through  a  pipe,  it  was  difficult  to  stop  that  flow  instantaneously  without 
a  knock  taking  place  in  the  hydraulic  main,  and  a  spark  was  the  electric 
cable  simile.  They  passed  a  cuiTcnt  of  60  amperes  through  the  cable 
used  in  their  experiments,  not  only  through  the  cable  itself,  but,  before 
passing  into  the  main  cable,  it  passed  round  and  round  the  magnets  of 
a  dynamo  giving  about  40  horse-power,  so  as  to  make  the  self-induction 
large,  and  equivalent  to  more  than  a  mile  of  cable,  and  if  in  an  ordinary 
case  they  broke  a  circuit  of  that  power,  they  would  see  a  large  flash. 
This  cable  was  broken  in  a  darkened  room,  by  means  of  a  switch,  without 
any  spark  being  visible,  and  without  any  spark  being  heard,  which  was  a 
much  more  delicate  test  still,  for  they  could  hear  a  much  smaller  spark 
than  one  which  could  be  seen.  Mr.  Parsons  had  referred  to  the  results 
shown  at  the  meeting  of  the  British  Association ;  but  in  that  reference  he 
had  hardly  treated  him  quite  fairly.  They  were  foolish  enough  to  place 
a  length  of  this  cable  in  the  hands  of  Prof.  Sylvanus  Thompson  with- 
out previously  providing  him  with  one  of  the  safety-switches.  They  had 
arranged  a  cable  on  a  board  so  that  it  could  be  broken  by  pulling  it  out 
straight;  but  Prof.  Thompson  twisted  it,  and  in  bending  it  he  brought 
the  outside  and  inside  cores  in  contact  with  each  other,  so  forming  a 
cu'cuit,  which  he  then  broke,  the  fuze  having  been  disconnected,  and  pro- 
duced a  flash.  As  a  matter  of  fact.  Prof.  ThomiDSon  would  tell  Mr. 
Parsons,  if  he  asked  him,  that  he  was  perfectly  satisfied  as  regarded  the 
sparking.  He  had  since  written  to  the  firm  apologizing  for  the  mistake 
which  he  made,  and  assuring  them  that  as  far  as  the  expeiiment  itself 
went  it  was  perfectly  successful.  In  enclosing  motors  the  first  condition 
they  met  with  in  a  colliery  was  that  it  was  normally  free  from  gas,  or  gas 
was  met  with  in  very  small  percentage ;  now  it  was  not  the  practice  to 
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send  men  to  work  coal-cutting  machinery  where  sufficient  gas  was  present 
to  be  explosive,  and  the  risk  was  in  regard  to  blowers  which  might 
suddenly  charge  the  atmosphere  with  gas,  and  against  which  the  motor 
must  be  protected  until  such  time  as  it  could  be  disconnected ;  if  it  could 
be  protected  for  three  or  four  hours  they  would  have  achieved  their 
object,  which  was  to  allow  sufficient  time  for  a  man  to  turn  the  switch  at 
bank.  From  experiments  on  a  motor  in  actual  use,  they  had  conclusively 
proved  that  before  an  explosive  mixture  of  gas  and  air  could  have  passed 
through  the  covers,  a  period  of  from  25  to  30  hours  would  have  elapsed, 
and  that  was  more  than  sufficient  time  to  stop  the  engine  or  open  a 
switch.  If  it  was  desired  to  have  a  motor  running  in  a  place  permanently 
filled  with  an  explosive  mixture  they  must  go  a  little  further,  and  the 
apparatus  designed  for  that  purpose  was  twofold.  An  explosive  mixture 
consists  of  2  volumes  of  gas  to  18  of  air,  and  if  1  volume  of 
carbonic  acid  gas  was  added,  it  would  become  absolutely  harmless.  Steel 
tubes  filled  with  carbonic  acid  gas  could  be  cheaply  purchased,  and  they 
had  arranged  to  fit  on  to  the  machine  one  of  these  tubes,  and  to  pass,  by 
means  of  a  regulating  cock,  the  gas  into  the  covers ;  further,  to  ensure  a 
sufficiency  of  the  carbonic  acid  gas  in  the  covers,  the  switch  was  fitted 
with  a  locking  gear,  which  could  only  be  released  when  a  sufficient 
quantity  of  that  gas  had  been  admitted.  Or  the  covers  were  made  to 
resemble  a  safety-lamp,  inasmuch  as  they  allowed  of  the  combustion  of  a 
small  quantity  of  gas  and  air  inside  without  the  flame  being  conveyed 
to  the  outer  air.  The  space  enclosed  was  so  small  that  an  explosion  of 
the  gas  and  air  could  take  place  in  it  without  the  pressure  rising  suffi- 
ciently to  force  the  flame  between  the  surfaces  which  came  in  contact 
on  the  covers.  These  surfaces  on  the  fixed  cover  were  made  to  fit  as 
closely  as  possible  with  a  movable  cover.  In  the  safety- commutator  a 
departure  was  made  from  the  ordinary  design,  and  the  brushes  press  on 
the  front  of  a  flat  commutator,  the  space  inside  being  only  2  or  3  cubic 
inches.  A  motor  of  this  kind  could  be  used  in  a  mine  with  just  as 
much  safety,  or  even  more,  than  a  safety-lamp,  because  it  was  absolutely 
unaffected  by  the  speed  of  the  air-current. 

Mr.  A.  L.  Steavenson  asked  members  to  disabuse  their  minds  of  the 
idea  that  he  had  any  prejudice  against  electricity.  Far  from  it.  He 
only  wanted  the  statements  made  in  regard  to  it  to  be  absolute  facts.  Mr. 
Pahner  gave  them  some  facts  :  the  loss  in  engine  was  12  indicated  hoi*se- 
power,  or  22'3()  per  cent,  of  the  total  power.  He  claimed  also  to  add  to 
that  the  friction  in  the  pipes  and  of  the  pumps.  He  (Mr.  Steavenson) 
agreed  to  that,  but  he  was  not  prepared  to  grant  that  the  rest  was  useful 
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eflFect  of  what  the  electi'ical  engineer  called  the  "  installation,"  but  what 
he  called  "  plant."  Mr.  Palmer  included  what  he  had  always  objected 
to,  the  loss  in  the  gearing  in  reducing  the  speed  from  128  down  to  3. 
That  loss  was  inevitable  when  using  electricity,  they  could  not  reduce 
the  speed  from  128  to  3,  or  from  1,200  in  the  motor  to  10  or  20  in  the 
pump,  without  enormous  loss,  and  that  was  the  loss  which  must  accom- 
pany electricity.  He  hoped,  when  the  paper  was  pubHshed,  that  the 
3528  per  cent,  or  18*9 1  horse-power  would  be  altered,  and  not  include 
the  loss  in  the  gearing  down.  Taking  Mr.  Palmer's  own  figures,  the 
head  itself  was  increased  by  38  feet  by  pipe  friction.  Adding  that  to  the 
actual  head,  they  got  the  net  work  done,  in  water  Ufted  and  pipe  friction, 
which  was  35*2  per  cent,  of  useful  effect,  and  that  was  very  satisfactory 
at  a  distance  of  3,000  yards.  It  was  for  each  individual  manager  to 
decide  in  his  own  mind  whether  it  was  safe  or  not.  He  had  no  other 
fault  to  find  with  Mr.  Palmer's  paper,  and  he  hoped  that  gentleman  would 
agree  with  him  in  this  point.  Mr.  Selby  Bigge  said  nothing  unfair.  He 
put  down  the  efficiency  at  40  per  cent.,  which  he  (Mr.  Steavenson)  did 
not  dispute,  but  would  even  go  so  far  as  to  allow  him  15  per  cent.,  and 
to  that  extent  he  congratulated  him  The  writer  claimed,  however, 
among  other  advantages,  "  a  very  large  increase  in  working  efficiency 
over  any  other  known  form  of  power  transmission."  Now,  he  (Mr. 
Steavenson)  disputed  that,  for  he  showed  in  his  own  paper  that  they  got 
absolutely  44  per  cent,  with  ropes,  while  Mr.  Bigge  only  claimed  40  per 
cent.,  and  Mr.  Palmer  got  35  per  cent.  Mr.  Frank  Brain,  in  his  paper 
on  electric  pumping  plants  at  collieries  in  South  Wales,  very  fauiy  put 
the  efficiency  at  44  per  cent.  They  had  heard  of  certain  experiments 
made  at  Schaffhausen,  in  Germany,  where,  instead  of  taking  the  fall  of 
the  water  at  the  turbine,  the  net  horse-power  given  off  by  the  turbine 
was  taken.  This  was  unfair  when  it  was  compared  with  the  indicated 
horse-power,  wliich  included  the  friction  of  the  engine.  Such  results 
were  called  "  commercial  efficiency,"  but  they  were  nothing  of  the  kind. 
He  was  not  prejudiced  against  electricity,  and  he  hoped,  when  the  mem- 
bers of  the  Institute  visited  Cleveland  during  the  summer,  they  would 
have  the  opportunity  of  seeing  his  electrical  and  other  power  plants,  and 
be  able  to  compare  the  various  systems.  Discussing  electrical  efficiencies 
in  Engineering  for  November  7th,  1890,  they  would  find  an  article  on 
the  0}3ening  of  the  City  and  South  London  Railway,  in  the  course  of 
which  the  following  extract  occm'red: — "The  question  of  haulage  is  one 
that  has  required  much  anxious  consideration  on  the  part  of  the  engineers. 
The  original   scheme   contemplated   cable   haulage,  with,  of  course,  a 
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moderate  speed  of  some  10  miles  au  hour.  Many  things  have  happened 
since  188-t,  and  most  prominent  among  them  is  the  advance  in  electric 
traction.  Its  manifest  advantages  spoke  strongly  in  its  favour,  while  the 
danger  of  making  the  first  experiments  in  electric  railways  in  England 
on  so  large  a  scale  was  a  matter  for  great  consideration.  Fortunately, 
a  j&rm  of  contractors  was  found,  with  a  world-wide  reputation,  who  were 
willing  to  undertake  the  work,  and  to  give  material  guarantees  for  its 
due  fulfilment.  Messrs.  Mather  &  Piatt,  of  Manchester,  offered  to  pro- 
vide the  whole  of  the  electric  plant,  engines,  dynamos,  conductors,  and 
motors,  and  to  undertake  that  the  haulage  of  the  trains  should  not 
exceed  a  cost  of  :3id.  jjer  train  mile."  Upon  that  information  he 
believed  they  spent  nearly  £1,000,000.  After  a  year's  working,  and 
while  the  machineiy  was  still  in  first-class  order,  the  chairman  of  the 
company,  according  to  the  Electrical  Review  of  Februaiy  5th  last, 
informed  the  general  meeting  of  shareholders  that  the  cost  had  been 
7'88d.  per  train  mile— two-and-a-quarter  times  the  original  estimate ! 
The  chairmau  then  continued: — "I  regret  to  again  meet  the  share- 
holders without  declaring  a  dividend  on  the  ordinary  stock ;"  and  he 
(Mr.  Steavenson)  did  not  wonder,  when  the  haulage  cost  7"88d.  instead 
of  3jd.  jier  train  mile.  He  would  like  to  have  seen  a  more  successful 
result.  The  great  cost  was  due  largely  to  the  large  number  of  engineers 
employed,  all  of  whose  wages  had  to  be  earned  by  3^  miles  of  railway, 
and  a  very  poor  result  of  work  done  compared  to  indicated  horse-power. 

]\Ir.  Ernest  Scott  would  like  to  hear  opinions  expressed  as  to  the 
electromotive  force  which  it  was  advizable  to  use  in  a  coal  mine.  700 
and  550  ^"olts  had  been  proposed ;  but  what  about  the  shock  in  handling 
the  machines  ? 

Professor  Garnett  said  he  agreed  in  a  large  measure  with  Mr. 
Steavenson's  conclusions.  Electricians  had  rather  a  habit,  in  talking  of 
their  plant,  of  leaving  out  of  account  several  sources  of  loss.  Refening 
particularly  to  the  loss  in  transformers,  they  would  take  the  electrical 
resistance  of  the  copi^er  and  leave  out  the  magnetic  losses  in  the  cores ; 
this  was  a  very  general  omission,  and  the  same  thing  occurred  in  other 
cases.  On  that  account  it  was  most  desirable  to  have  some  definite 
understanding  as  to  what  was  meant  by  the  efficiency  of  plant  as  applied 
to  any  particular  purpose,  and  it  was  fmther  desirable  that  the  elec- 
trician's efficiency  should  be  directly  comparable  with  that  of  other 
engineers.  He  had  for  some  time  past  held  that  electricity  had  a  gi-eat 
future  in  regard  to  mining ;  and  to-day,  instead  of  its  being  necessary 
to  point  out  the  great  advantages  to  be  derived  at  long  distances  from 
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electricity,  the  question  was  narrowed  down  to  the  best  mode  of  using 
it,  and  the  best  appliances  to  adopt.  It  seemed  to  him  that  fliey 
should,  however,  make  quite  sure  of  their  ground  because  by  hurrying 
matters  along  too  fast  they  were  likely  to  hinder  them  a  great  deal  in 
the  long  run.  The  subject  of  greatest  importance  raised  to-day  was 
the  question  of  the  safety-cable.  The  idea  of  that  cable  seemed  to  be 
admmible  in  many  respects.  He  would  like,  however,  to  know  in  the 
first  instance  what  was  the  section  of  the  inner  conductor  in  the  cable 
which  the  Messrs.  Atkinson  tested  in  London.  First  of  all,  it  was  abso- 
lutely useless  to  test  such  a  cable  upon  a  short  length,  and  he  imagined 
that  the  Messrs.  Atkinson  agreed  with  this,  because  they  had  tested  upon 
a  mile  of  it.  The  length  must  be  such  that  the  resistance  offered  by  the 
inner  conductor  and  the  E.M.F.  between  the  terminals,  when  the  whole 
current  was  thrown  upon  it,  should  be  as  great  in  the  experiments  as  it 
was  likely  to  be  under  ordinary  working  conditions.  He  would  like  to 
have  some  information  as  to  what  the  resistance  of  the  inner  conductor 
was,  so  as  to  know  what  was  the  momentary  E.M.F. ,  when  the  whole 
current  was  thrown  for  the  moment  upon  the  inner  conductor.  One  point 
in  which  it  might  fail  in  giving  satisfaction  was  in  regard  to  non-sparking, 
although  it  was  perhaps  hypercritical  on  his  part  to  mention  it.  All  the 
wkes  might  be  broken  except  one,  and  the  conductors  separated  by  an 
inch,  or  a  small  fraction  of  an  inch  ;  the  whole  current  carried  by  20  oi' 
30  wires  would  then  be  thrown  for  the  moment  through  the  single  wire, 
and  not  through  the  central  conductor.  They  would  thus  have  a  very  large 
amount  of  current  going  through  the  single  wire,  because  the  resistance 
thereby  oflFered  by  the  very  short  length  would  be  only  an  exceedingly  small 
fraction  of  an  ohm.  This  fractional  portion  of  an  inch  might  be  heated  to 
its  fuzing  point,  before  the  safety-fuze  upon  the  inner  conductor  was 
broken,  as  the  inner  conductor  would  not  get  the  current  until  the  resist- 
ance of  the  outer  one  had  been  increased  by  a  certain  percentage.  Now, 
the  exposure  of  one  wire  for  a  small  distance  would  not  increase  the  resist- 
ance by  any  perceptible  percentage.  That  appeared  to  be  possibly  a  case  in 
which  the  conductor  would  fail  in  such  a  way  that  the  safety-fuze  on  the 
inner  conductor  would  not  be  melted,  and  the  outer  conductor  would  not  be 
switched  off.  Mr.  Selby  Bigge  also  referred  to  the  danger  of  steel  spanners 
upon  the  dynamos.  Had  that  gentleman  ever  used  manganese  steel  tools 
which  were  perfectly  safe  to  handle  ?  They  were  told  that  the  lead  of  the 
brashes  on  the  G  oolden  safety-motor  could  be  adjusted  from  the  outside ; 
but  they  had  not  been  told  whether  there  was  any  wuidow.  to  see  when 
the  brushes  wanted  adjustment,  and  how  much  adjustment  was  recpiired. 
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He  would  also  like  to  ask  whether  the  author  had  ever  used  switches 
immersed  in  oil  ?  He  (Professor  Garnett)  had  experimented  with  com- 
mon paraffin  spirit,  and  had  seen  sparks  an  inch  long  given  off  without 
igniting  the  vapour  on  the  top  of  the  paraffin,  and  without  doing  any 
harm  at  all.  Immersing  the  switches  in  oil  might  render  them  safe. 
Finally,  he  would  like  to  ask  Mr.  Selby  Bigge  whether,  for  mining, 
purposes,  supposing  that  capital  expenditure  was  not  a  consideration,  he 
would  prefer  a  high-speed  reciprocating  engine,  such  as  that  made  by 
Willans  &  Robinson,  to  a  slow-speed  engine  running  at  90  or  100  revolu- 
tions, and  geared  to  a  dynamo  with  a  considerable  length  of  cotton  or 
other  ropes,  so  as  to  make  an  elastic  link  between  the  two  ? 

Mr.  Claude  Atkinson  said  in  reply  to  the  question  of  the  breaking 
of  the  cable,  that  Professor  Garnett  was  theoretically  correct,  but  prac- 
tically his  argument  did  not  hold  good,  for  the  reason  that  in  the  spiral 
conductor  they  got  absolutely  no  cross  conductance.  This  point  was 
raised  in  designing  the  cable,  and  the  area  of  copper  necessary  to  bring 
the  resistance  as  low  as  Professor  Garnett  and  Mr.  Parsons  had  said  was 
necessary.  He  (Mr.  Atkinson)  had  conducted  a  considerable  number  of 
experiments  to  ascertain  whether  they  could  rely  on  any  cross  conductance 
upon  the  spirals  of  the  cable,  and  it  was  found,  however  tightly  they 
pressed  them  to  bring  the  spirals  in  contact  with  one  another,  they  got 
no  conductance  in  th  it  direction.  In  all  cablemakers'  Usts,  etc.,  the 
resistance  of  the  cable  given  was  higher  than  that  of  a  similar  length  of 
copper  of  equal  section.  The  spiral  nature  of  the  cores  of  course 
considerably  affected  the  resistance.  The  same  thing  applied  to  the 
manufacture  of  dynamos  for  large  cuiTents ;  instead  of  using  soHd 
bars  of  copper,  in  which  loss  originated,  they  took  a  stranded  bar  and 
pressed  it  so  as  to  be  practically  solid,  but  stUl  so  that  the  cuiTents  went 
round  and  round  and  waste  currents  were  not  generated.  The  result 
found  from  practical  cables  as  supplied  by  the  makers  was,  that  if  half 
the  cable  was  broken  the  resistance  would  be  largely  increased,  instead 
of,  as  Professor  Garnett  suggested,  being  increased  to  a  small  extent. 

Professor  Stroud  said  he  was  very  much  interested  in  the  safety- 
cable  which  the  Messrs.  Atkinson  had  designed  for  use  in  mines,  and  it 
seemed  to  him  that  it  would  be  able  to  withstand  any  practical  test  with 
regard  to  the  protection  it  afforded  from  sparks.  He  could  not  quite  see 
Mr.  Parsons'  objection.  It  was  a  matter,  however,  which  should  be 
made  the  subject  of  actual  experiment  under  working  conditions,  and  the 
results  would.be  looked  forward  to  with  interest.  Professor  Stroud  then 
proceeded  to  speak  of  the  sparking  at  the  brushes  of  the  motor,  and  said 
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that  Mr.  Albion  Snell  had,  he  believed,  made  a  number  of  experiments 
to  ascertain  if  it  was  possible  in  ordinary  practice  for  such  sparks  to 
ignite  an  explosive  mixture,  and  the  results  had,  he  believed,  been  in 
every  case  negative.  There  was  no  reason,  however,  why  precautions 
should  not  be  taken,  and  seeing  that  it  would  be  difScult  to  ignite  gas 
with  such  sparks,  one  would  think  the  motor  perfectly  safe  when  precau- 
tions were  taken  even  against  that  risk. 

Mr.  Stoney  said  he  would  like  to  ask  whether,  when  the  motor  was 
put  for  five  hours  in  an  explosive  mixture,  it  was  working  or  not,  because 
when  the  motor  was  running  it  would  produce  considerable  air-currents, 
which  would  assist  the  inside  air  in  getting  out  and  the  outside  air  in 
getting  in  ?  He  doubted  whether  the  joints  in  the  Goolden  motor  were 
close  enough  to  prevent  the  air  getting  out  and  the  gas  getting  in.  It 
seemed  to  him  that  it  would  be  the  safer  plan  to  put  the  motor  in  a  box 
entirely  closed,  which  could  be  made  to  stand  any  pressure  they  liked. 
He  would  like  to  know  how  they  were  to  see  that  the  brushes  were 
properly  adjusted  ?  The  cable  experiments  made  by  Mr.  Parsons  and 
himself  seemed  to  prove  that  they  might  get  a  spark  between  the  two 
broken  ends.  They  had  a  7 4- volt  circuit  which  was  almost  exactly  the 
drop  due  to  resistance  given  in  Table  I.  of  Mr.  Bigge's  paper.  They 
had  a  resistance  of  1  ohm  with  a  current  of  12  amperes  going  through 
it,  which  would  make  an  electromotive  force  of  12  volts  between  the 
ends  of  the  resistance,  and  with  this  they  got  a  spark  which  ignited  coal- 
gas  immediately.  With  such  a  drop  as  Mr.  Bigge  had  in  Table  I.  there 
would  be  70  volts  between  the  ends,  if  not  more ;  and  in  that  case  there 
would  be  a  momentary  arc  formed.  It  was  all  very  well  to  say  the  fuze 
would  go,  but  it  would  take  some  seconds  to  burn  out,  and  during  that 
time  he  should  think  there  would  be  an  arc  formed  between  the  ends 
which  would  be  quite  enough  to  ignite  the  firedamp. 

Mr.  W.  C.  Blackett  said  that  Mr.  Atkinson  in  his  remarks  drew  a 
comparison  between  the  flow  of  water  through  a  pipe  with  the  consequent 
knock  on  stopping  it,  and  the  flow  of  electricity  through  the  wires  with 
the  consequent  spark  on  its  interruption.  Could  he  make  his  illustration 
so  clear  as  to  say  how  he  could  suddenly  cut  off  the  current  of  water  in 
a  large  pipe  and  turn  it  into  a  little  pipe,  as  he  (Mr.  Blackett)  judged  the 
inside  wkes  had  some  parallel  to,  without  causing  some  knock  on  the 
bigger  pipe  ? 

Mr.  W.  C.  Mountain  asked  if  there  would  be  any  risk  of  sparking 
if,  at  the  moment  of  breaking  the  outer  coil,  the  outer  wires  were  to  come 
in  contact  with  the  inner  ones,  as  they  might  do  owing  to  the  jagged 
ends  of  the  wires  where  broken  ? 
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Mr.  Selby  Bigge  said  the  dynainos  were  running  at  about  500  revo- 
lutions, and  the  motors  underground  were  running  at  from  500  but  not 
exceeding  600  revokitions.  In  fact,  they  kept  the  speed  down  as  low  as 
they  could  consistently  with  the  expenditure.  Mr.  Ernest  Scott  asked 
the  voltage  suitable  for  employment  in  mining  work.  This  was  only 
limited  by  the  danger  from  touching  the  cables.  He  would  make  the 
voltage  as  high  as  possible,  because  the  higher  the  voltage  the  greater  the 
economy  in  the  cables.  The  force  should  not  exceed  700  or  800  volts, 
which  a  man  might  receive  without  serious  injury.  Of  course,  for  short  dis- 
tances it  was  not  so  necessary  to  have  800  volts  as  it  was  in  the  case  of  long 
distances,  such  as  in  Earl  Durham's  plant,  where  they  were  running  over 
two  miles  ;  it  was  then  of  the  greatest  importance  to  work  at  as  high  a 
voltage  as  possible.  Referring  to  Professor  Garnett's  remark  as  to  the 
means  for  seeing  the  brushes,  he  thought  he  had  stated  in  his  paper,  when 
describing  these  motors,  that  they  could  alter  the  lead  of  the  brushes 
without  opening  the  covers.  In  all  the  Goolden  mining  motors  there 
were  strong  glass  windows  provided  at  the  top  and  bottom  of  the  brush. 
These  were  protected  by  very  strong  wire  guards:  and  by  looking  through 
them  they  could  see  if  the  brashes  were  well  bedded  on  the  commutator. 
The  whole  case  was  made  to  swing  on  a  faced  joint,  as  near  as  possible 
gas-tight,  and  by  swinging  this  cover  the  brushes  were  altered.  This  got 
over  the  difficulty  of  opening  the  cover  when  ranning,  which,  of  course, 
could  not  be  done  in  places  where  there  was  the  slightest  cause  to  suspect 
firedamp.  He  thought  the  main  thing  as  regarded  a  mining  motor,  and 
what  mining  engineers  wanted  to  know,  was,  whether  it  was  a  safe  motor 
to  run  for  a  given  period.  Men  were  not  supposed  to  work  in  an  explo- 
sive mixture,  and  mining  engineei-s  wanted  to  know  whether  they  could 
rely  on  these  machines  for  five  or  six,  or  even  ten  hours.  He  thought, 
with  motors  such  as  he  had  described  to-day,  one  could  absolutely  rely  on 
doing  that;  in  fact,  in  saying  so  he  was  relying  on  the  practical  experience 
of  motors  which  had  been  running  nearly  four  years  where  there  was  gas, 
and  where  only  safety-lamps  were  used.  This  was  a  more  practical  test 
for  mining  engineers  than  any  theoretical  description  of  the  constraction  of 
a  machine.  They  had  frequently  used  brass  and  manganese  spanners. 
The  oil-covered  switches  Professor  Garnett  referred  to  seemed  to  be  veiy 
feasible  ;  but  he  (Mr.  Bigge)  had  had  no  personal  experience  of  them. 
He  would  be  glad,  however,  to  receive  the  results  of  any  experiments.  As 
to  whether  they  should  use  slow  engines,  it  varied  with  each  individual 
case;  it  depended,  for  one  thing,  on  the  voltage  of  the  dynamos.  Gener- 
ally speaking,   for  colliery  work  they  wanted   an   engine  that  would 
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go  on  running  for  weeks  if  required,  day  and  night,  without  stopping, 
and  to  arrange  the  installation  in  such  a  way  that  if  one  engine  broke 
down  another  could  be  started  immediately.  In  the  case  of  a  large  slow- 
speed  engine,  they  had  not  the  reserve  power  which  they  would  have  in  an 
installation  laid  down  as  indicated  with  two  smaller  engines  dividing  the 
power,  so  that  if  one  broke  down  the  other  could  be  thrown  into  gear. 
They  thus  had  reserve  power,  and  were  more  certain  of  the  work.  A  few 
points  had  been  raised  as  to  the  cables  ;  but  as  Mr.  Atkinson  was  one  of 
the  inventors,  it  was  desirable  that  he  should  reply  to  these  points. 

Professor  Garnett  asked  Mr.  Atkinson  what  would  happen  if,  taking 
for  instance  a  7/18  stranded  cable,  it  was  difficult  to  bring  all  the  strands 
to  the  switch,  and  occasionally  electricians  were  wicked  enough  to  only 
bring  through  two  or  three,  which  for  an  inch  or  two  were  strong  enough 
to  carry  the  current  ?  Of  course  the  cross  resistance  was  much  greater 
than  the  longitudinal,  but  they  might  draw  on  the  cross  conductivity  of 
two  or  three  yards.  If  they  only  used  two  or  three  strands  throughout 
the  length  of  the  cable  they  must  give  up  that  practice  absolutely. 

Mr.  Atkinson,  replying  on  the  discussion,  said  one  gentleman  had 
raised  the  question  of  the  ends  being  raggy  when  the  fracture  took  place. 
The  point  was  not,  however,  one  of  much  importance.  He  had  a  piece  of 
cable  with  him  and  could  show  them  how  it  decreased  in  diameter,  and 
though  the  inside  core  might  be  ^  of  an  inch,  when  it  was  drawn  out  it 
was  only  about  l-16th.  It  would  be  practically  certain  to  keep  free  from 
the  outside  strands.  He  thought  one  gentleman  would  find  that  he  had 
exaggerated  the  question  of  the  time  required  for  melting  the  fuze.  If 
they  had  to  deflagrate  an  ordinary  fuze  it  took  some  time,  but  if  as  in  this 
case  they  had  a  weight  suspended  from  the  wire  the  breakage  was,  he 
thought  he  might  say,  instantaneous,  at  all  events  they  could  not  tell  the 
time  required  to  put  that  fuze  in  action.  The  time  was  not  measurable 
by  the  ordinary  means.  Professor  Garnett  had  spoken  again  in  regard 
to  the  question  of  cross  conductance.  He  (Mr.  Atkinson)  could  not  tell 
what  the  Professor's  practice  was  with  regard  to  binding  screws,  but  the 
question  was  very  apparent  to  them,  and  they  were  at  considerable  pains 
to  test  what  the  resistance  was,  and  the  breakage  of  a  very  few  coils 
indeed  in  the  cable  was  sufficient  to  raise  the  current  in  the  inside  core. 
The  usual  practice,  as  the  Professor  suggested,  was  to  screw  the  strands 
tightly  together,  and  then  only  take  two  or  three  in.  But  if  they  could  not 
get  the  whole  number  into  the  binding  screw  they  took  very  great  pains  to 
twist  them  up  and  put  them  in  a  brass  socket,  which  would  go  into  the 
binding  screw.    One  gentleman  asked  that  the  hydraulic  analogy  might 
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be  carried  a  little  further.  It  appeared  to  him  (Mr.  Atkinson)  that  the 
analogy  was  somethiug  the  same  as  with  a  safety-valve,  when,  owing  to 
the  induction  of  the  cables  they  got  a  higher  pressure  than  the  normal,  and 
this  induction  was  sufficient  to  lift  the  weight,  as  in  the  case  of  the  safety- 
valve,  which  allowed  the  water  to  flow  out.  He  did  not  kno^v  whether  he 
was  quite  accurate  in  this  simile.  He  would  be  very  glad  to  show  the 
members  the  cable,  and  explain  it  fm-ther  after  the  meeting  ;  a  sample 
was  lying  on  the  table, 

Mr.  Henry  Pauier  said  that  Mr.  Steavenson  took  exception  to  the 
statement  that  had  the  pipes  at  East  Howie  been  of  sufficient  diameter 
the  plant-efficiency  would  probably  not  have  been  less  than  40  per  cent. 
He  thought  Mr.  Steavenson  was  under  a  slight  misapprehension,  and 
based  his  calculation  on  the  figures  given  in  the  earUer  part  of  the  paper, 
where  it  was  stated  that  the  increased  head  of  US  feet  was  due  to  the 
suction  and  delivery-pipe  friction.  This  point  must  have  escaped  Mr. 
Steavenson ;  delivery  alone  was  referred  to,  and  382  yards  must  be  added 
to  the  figures,  which  would  bring  the  39  to  45  per  cent.  The  only  other 
point  referred  to  with  regard  to  his  paper  was  the  risk  of  fire,  and  as  they 
used  naked  lights  where  the  cables  were  laid,  and  also  at  the  points  where 
the  motors  were  in  use,  it  did  nut  apply  in  their  case 

The  President  thought  all  would  agree  with  him  in  proposing  a 
hearty  vote  of  thanks  to  ]Mr.  Henry  Palmer  and  Mr.  Selby  Bigge  for  their 
very  valuable  papers,  and  he  hoped  when  these  papere  were  printed 
they  would  have  a  large  attendance  for  their  further  discussion. 

The  Aote  was  earned  by  acclamation. 


The  following  "  Note  on  the  Gases  Enclosed  in  Coal  and  Coal-Dnst," 
by  Professor  Bedson  and  Mr.  W.  ^McConnell,  was  taken  as  read : — 
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NOTE  ON  THE  GASES  ENCLOSED  IN  COAL  AND 
COAL-DUST. 


By  Pkof.  p.  PHILLIPS  BEDSON,  D.Sc.  and  W.  McCONNELL,  A..SC., 
Durham  College  of  Science,  Newcastle-on-Tyne. 


In  a  paper  entitled  "A  Contribution  to  our  Knowledge  of  Coal- 
Dust,"*  which  was  read  before  this  Institute,  one  of  the  authors  gave  an 
account  of  a  series  of  experiments  conducted  with  a  variety  of  coal-dust 
collected  on  the  screens  at  Ryhope  Colliery.  In  this  investigation 
the  gases  enclosed  in  the  dust  were  extracted  by  placing  given  weights 
of  dust  in  suitable  vessels  attached  to  a  mercurial  air-pump,  and  when 
the  air  had  been  removed  the  coal  was  heated  in  a  water  bath  for  several 
hours  at  temperatures  varying  from  50  degs.  to  100  degs.  centigrade 
The  gases  obtained  in  this  manner  were,  after  measurement  of  their 
volume,  analysed.  These  experiments  demonstrated  in  the  first  place 
that  this  coal-dust  resembled  coal  in  containing  enclosed  gases,  and 
in  the  second  place,  that  these  gases  consisted  of  mixtm'es  of  oxygen, 
nitrogen,  carbon  dioxide,  and  hydrocarbons.  The  results  of  the  analyses 
of  the  hydrocarbons  showed  that  they  were  not  simply  marsh  gas,  but 
mixtures  of  higher  members  of  the  paraffin  series  to  which  marsh  gas 
belonged.  Prof.  E.  von  Meyer,  in  his  examination  of  the  gases  enclosed 
in  coal,  found  similar  heavy  hydrocarbons  in  the  gases  obtained  from 
certain  varieties  of  weathered  coal,  and  similar  gases  were  met  with  by 
Mr.  J.  "W.  Thomas  in  his  experiments  on  cannel  coal  and  jet. 

A  further  investigation  of  the  Ryhope  coal-dust  has  been  made  by 
one  of  the  authors  of  this  note,  the  results  of  which  have,  in  the  main, 
confirmed  those  described  in  his  previous  jjaper.  It  is  proposed  to  lay 
before  the  members  of  this  Institute  on  a  future  occasion  an  account  of 
these  results,  together  with  those  obtained  with  coal-dusts  from  other 
sources,  this  note  being  restricted  to  a  record  of  some  results  obtained 
with  coal  and  the  dust  made  from  it. 

The  coal  was  collected  at  a  working  place  by  one  of  the  authors, 
broken  into  small  pieces,  carefully  brashed  from  any  adhering  dust,  and 
filled  into  previously  weighed  flasks.    The  sample  of  coal  was  taken  from 

*  Transactions  of  the  North  of  England  Institute  of  Mining   and  Mechanical 
Engineers,  voL  xxxvii.,  page  246. 
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the  Hutton  Seam,  at  Ryliope  Colliery,  at  a  place  about  150  yards  distant 
from  the  place  where  was  hewn  the  coal,  which  gave  the  dust  examined  in 
the  first  series  of  experiments.  Having  determined  the  weight  of  the 
coal  in  one  of  the  flasks,  the  flask  was  attached  to  the  air-pump,  and 
after  removal  of  air,  the  flask  with  its  contents  was  heated  for  several 
houi's  at  100  degs.  centigrade,  the  gas  produced  being  drawn  off  at 
intervals. 

The  following  is  a  statement  of  the  results.     Weight  of  coal  taken 
being  220  grammes : — 


I. 
II. 
III.     ... 

IV. 

V. 

Total... 

Number  of      | 
Hours  during         Temperature 
which  the  Coal   |         of  Bath, 
was  heated.      i 

Volume  of  Gas  given  off,  reduced  to 

Volume  at  0'  C.  and  Pressure  of  760  mm. 

of  Mercury. 

5              30°— 70°  C. 
19            !   70°— 92°  C. 
44                   100°  C. 
24                  100°  C. 
27                  100°  C. 

247  cubic  centimetres. 
33fi                do. 
550                do. 
374                do. 
293                do. 

119                    

1,800  cubic  centimetres. 

The  several  samples  of  gas  thus  obtained  gave  the  following  results  on 
analysis : — 


1 

Carbon  dioxide  (CO^) 

I. 

n. 

ni. 

IV. 

V. 

Volumes. 
0-50 

Volumes. 
1-20 

Volumes. 
0-78 

Volumes. 
0-3 

Volumes. 
0-8 

Oxygen  (O^)        

17-50 

9-00 

7-20 

8-0 

8-0 

Carbon  monoxide  (CO) 

0-25 

O-oO 

0-00 

0-0 

0-0 

Oleiines  (C>,H20            

0-00 

0-40 

0-00 

0-0 

0-0 

Paraffins  (C„H2,!+2)       

4-75 

27-30 

22-47 

15-2 

7-0 

Nitrogen  (Nj)      

77-00 

60-70 

70-00 

76-5 

84-5 

100-00 

100-00 

100-45 

100-0 

100-3 

The  chief  point  of  interest  is  the  nature  of  the  combustible  constituents 
of  these  gases.  As  will  be  seen  from  the  analyses,  in  two  cases  small 
quantities  of  carbon  monoxide  were  found,  and  in  one  case  a  small  pro- 
portion of  hydrocarbons  like  olefiant  gas.  All  the  samples  contained 
proportions  of  hydrocarbons  of  the  series  to  which  marsh  gas  belonged, 
the  so-called    paraffins.     The  nature  of  such  paraffin   hydrocarbons  is 
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determined  by  exploding  a  given  volume  of  the  gas  with  oxygen,  estimat- 
ing the  volume  of  carbon  dioxide  produced,  the  contraction  taking 
place,  and  the  volume  of  oxygen  used  in  the  combustion.  The  results 
obtained  in  this  way  with  each  of  these  several  samples  of  gas  show  the 
combustible  gas  to  be  marsh  gas,  or  the  paraffin  hydrocarbon,  CH4,  the 
first  member  of  the  series. 

The  results  of  these  experiments  with  coal  may  be  stated  as  follows, 
A  given  volume  of  the  coal  gave  from  10  to  11  times  its  volume  of  gas  of 
the  following  average  composition  : — 

Volumes. 
Carbon  dioxide      ...         ...         ...         ...         ...  0*7 


Oxygen 

Carbon  monoxide . 

Olefines 

Marsh  gas  ... 

Nitrogen     ... 


9-4 

01 

0-0 

16-6 

73-0 

9i»-8 


From  which  it  will  be  seen  that  the  volume  of  marsh  gas  is  approximately 
r75  times  the  volume  of  the  coal. 

The  coal,  after  it  had  ceased  to  give  off  any  gas  under  the  conditions 
described  above,  was  withdrawn  from  the  flask  and  reduced  to  powder  by 
crushing  in  an  iron  mortar.  208  grammes  of  the  dust  produced  in  this 
way  were  then  placed  in  a  flask,  and  after  the  air  had  been  removed  by 
the  air-pump,  the  flask  and  its  contents  were  heated  for  26  hours  at 
100  degs.  centigrade.  In  this  way  a  volume  of  gas  equivalent  to  10^ 
cubic  centimetres  measured  at  zero  centigrade,  and  under  a  pressure  of 
760  mm.  of  mercury  was  obtained.  This  gas  on  analysis  was  found  to 
have  the  following  composition  : — 

Volumes. 
Carbon  dioxide    ...         ...         ...         ...         ...  0"85 


Oxygen 

Carbon  monoxide 
Oleiines  (C„H2„) 
Paraffins  CGnB.2n+2) 

Nitrogen   ... 


6-95 
trace 

110 
17-90 
73-20 

100-00 


The  results  of  the  determination  of  the  composition  of  the  paraffin 
hydrocarbons  showed  that  in  this  case  the  combustible  constituent  was  not 
simply  marsh  gas,  but  consisted  of  a  mixture  of  marsh  gas  with  some 
other  members  of  this  series  of  hydrocarbons.  It  had  not  been  possible 
to  determine  what  the  several  hydrocarbons  were,  but  this  much  may  be 
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said,  that  the  results  obtained  in  burning  the  gas  showed  the  value  for  u  in 
the  general  formula,  C„H2„+2,  for  the  paraffin  hydrocarbons,  to  be  greater 
than  2. 

Perhaps  the  best  way  of  stating  the  difference  would  be  to  say  that 
w^hereas  1  volume  of  marsh  gas  would  require  10  volumes  of  air  to  form 
the  most  explosive  mixture  with  air,  1  volume  of  the  combustible  con- 
stituent of  the  gases  obtained  from  the  crushed  coal  would  require,  in 
accordance  with  the  results  of  analysis,  23  volumes  of  air  to  form  such  a 
mixture. 

In  addition  to  the  smaller  proportion  of  such  gases  required  to  form 
the  most  violently  explosive  mixture  as  compared  with  mixtures  of  marsh 
gas  and  air,  it  is  probable  that  the  presence  of  these  hydrocarbons  would 
render  the  mixture  capable  of  ignition  at  a  lower  temperature. 

The  above  experiments  would  therefore  appear  to  demonstrate  that 
the  heavier  gaseous  hydrocarbons  are  held  more  firmly  enclosed  in  the 
coal  than  the  lighter  hydrocarbons,  and  under  the  conditions  of  experi- 
me)it  are  not  liberated  until  the  coal  has  broken  up  and  crumbled  to 
powder. 

The  investigation  is  still  being  continued,  and  it  is  hoped  that  results 
will  be  obtained  which  may  throw  further  light  upon  this  question. 


The  meeting  then  concluded. 
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GENERAL  MEETING, 

Held  in  the  Wood  Memoeial  Hall,  Newcastle-upon-Tyne, 
Saturday,  April  9th,  1892. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meetins:  were  read  and  signed,  and 
the  Secretary  reported  the  proceedings  of  the  Conncil. 


The  following  letters  were  read: — 

Houghton-le-Sprino, 

Fence  Houses,  Co.  Durham, 

April  (5th,  1892. 
Dear  Sir, 

Will  you  be  good  enough  to  convey  to  the  President  and  Council  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers  my  thanks  for  their  warm 
expressions  of  sympathy.     Thanking  you  for  your  letter. 

I  am,  yours  truly, 

ANNIE  BOYD. 
M.  Walton  Brown,  Esq. 


South  Bank,  Pendleton, 

March  23rd,  1892. 
My  Dear  Sir, 

Having  now  completed  my  report  for  the  year  189] ,  I  beg  to  thank  the  President 
and  Council  of  the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers 
most  sincerely  for  the  kind  resolution  conveyed  in  your  letter  of  the  12th  ultimo  on 
my  retirement  from  the  Inspection  of  Mines,  after  forty-one  years'  service,  com- 
mencing 22nd  November,  1850,  and  terminating  1st  January,  1892, 

I  remain,  faithfully  yours, 

JOSEPH  DICKINSON. 
M.  Walton  Brown,  Esq. 


It  was  agreed  that  a  subscription  of  £10  10s.  should  be  made  to  the 
Warington  Smyth  Memorial  Fund. 
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The  Secretary  reported  that  Prof.  J.  H.  Merivale  had  been  ap- 
pomted  as  the  representative  of  this  Institute  at  the  Conference  of  Dele- 
gates of  Corrospondinw'  Societies  of  the  British  Association  for  the  cunvut 
year. 

The  followin,?  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Honorary  Member— 
Mr.  J.  L.  Hedlev.  H.M.  Inspector  of  Mines.  Newcastle-upon-Tyne. 

Members — 
Mr.  William  0.  Mountain.  En,s:ineer.  Forth  Banks.  Nowcasrle-upon-Tyne. 
Mr.  Francis  Reid,  Electrical  Engineer.  Forth  House.  Newcastle-upon-Tyne. 
Mr.  Ernest  Scott,  Mechanical  Engineer,  Close  Works.  Newcastle-upon-Tyne, 
Mr.  Joseph  S.  Scott,  Colliery  Owner,  Trimdon  Grange. 
Mr.  J.  Sparkes,  Jun..  Mining  Engineer  and  Colliery  Manager,  Chester  Park, 

Fishponds.  Bristol. 
Mr.  Thomas  Tkasdale.  Colliery  Manager.  Middridge,  rid  Heighington,  R.S.O. 
Mr.  .J.  J.  Tinker,  Boiler  Maker,  Hyde,  Manchester. 

Associate — 
Mr.  Thomas  Peacock,  Mining  Assistant,  Sacriston  Colliery,  Durham. 

Students — 

Mr.  Austin  Kirkup,  Colliery  Manager's  Assistant,  Murton  Colliery,  Sunder- 
land. 

Mr.  Fred.  0.  Kirkup,  Colliery  Manager's  Assistant.  Hutton  Henry  Colliery, 
Co.  Durham. 

The  following  gentlemen  were  nominated  for  election : — 

Honorary  Member — 
Mr.  John  Gerrard,  H.M.  Inspector  of  Mines,  Wakefield. 

Members — 
Mr.  Arthur  W.  Eastlake.  Civil  Engineer.  Balham.  S.W. 
Mr.  Robert  Bryham  Mawson,  Mining  Engineer.  Brick  House.  Westleigh, 
near  Manchester. 

Associates — 
Mr.  Edward  Fawcett,  Assistant  Deputy,  Walker  Colliery,  Walker-upon-Tyne. 
Mr.  Edward  Mackinlay.  Overman.  East  Stanley  Colliery. 

Students — 
Mr.  Adam  Knowles.  Apprentice  Mining  Engineer,  Westwood,  Ince.  Wigan, 
Mr.  William  Robson.  Mining  Student.  Walker  Colliery.  Walker-upon-Tyne. 


Mr.  T,  H,  M.  Stratton's  paper,  being  "  An  Enquiry  into  the  Cause  of 
the  Two  Seaham  Explosions,  1871  and  1880,  and  the  Pochin  Explosion, 
1884,"  was  then  read  as  follows: — 
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AN  ENQUIRY  IXTO  THE  CAUSE  OF  THE  TWO  SEAHAM 
EXPLOSIONS,  1871  AND  1880,  AND  THE  POCHIN  EX- 
PLOSION, 1884. 


By  T.  H.  M.  STEATTON. 


Seaham  Explosion,  1871. 

On  the  iiio-ht  of  October  25th,  1871,  at  half-past  eleven  o'clock,  an 
explosion  occurred  at  Seaham  Collieiy,  by  which  twenty-six  persons  lost 
their  lives.  The  explosion,  as  will  be  seen  hereafter,  was  coincident 
with  the  firing-  of  a  shot  on  the  main  intake  of  the  No.  3  Pit,  Hntton 
Seam,  and  the  damao-e  to  the  mine  was  confined  to  a  limited  area  of 
tliat  pit,  extendino-  fi-om  the  point  where  the  shot  was  fired  as  one 
extremity,  to  the  stables  situated  2,100  yards  further  in-bye,  the  portions 
of  the  mine  affected  by  the  explosion  Ijeino-  shown  in  Fig-,  1,  Plate  XXIL 
The  doors  and  stoppings  near  the  upcast  shaft  were  damaged  or  destroyed. 
The  Main  Coal  staple  was  much  injured.  A  heavy  fall  took  place  at 
the  No.  2  incline  bank-head,  1,700  yards  from  where  the  shot  was  fired. 
The  hay-lx)rd  and  stables  were  set  on  fire,  the  fire  extending  to  the 
coal  and  timber  immediately  adjoining.  As  a  consequence  the  pit  was 
sealed  up,  and  was  not  reopened  till  December  16th,  when  it  was  found 
that  the  workings  and  tlie  returns  were  not  damaged  in  any  way. 

Two  theories  were  set  up  as  to  the  cause  of  the  disaster.  The  first  was, 
that  as  the  explosion  and  the  firing  of  the  shot  were  simultaneous,  the 
latter  being  the  assumed  cause ;  and  the  second  was,  that  a  large  fall  at 
the  bank-head  liberated  gas,  that  this  gas  fired  either  at  a  naked  light  or  a 
Davy  lamp,  and  that  the  explosion  travelled  both  ways  from  that  central 
point.  The  former  theory,  in  the  total  absence  of  any  probability  of 
gas  being  contained  in  the  air  so  near  the  shaft,  appeared  so  untenable 
that  even  its  advocates  regarded  it  more  as  a  coincidence  than  a  cause, 
and  the  coroner's  jury  came  to  the  conclusion  that  gas  liberated  from  a 
fall  was  the  cause  of  the  explosion. 

For  the  purpose  of  the  present  enquiry  it  will  only  be  necessary  to 
prove  the  actual  coincidence  of  the  firing  of  the  shot  with  the  moment  of 
the  explosion,  a  point  of  sufficient  importance  to  justify  the  quoting  of 
the  following  evidence ; — 
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Thomas  Hiitchiusoii,  the  man  Avho  lirecl  the  shot,  the  sole  survivor 

of  those  actually  iu  the  field  of  the  explosion,  and  who  was  himself  much 

injured,  said — 

*'■  When  the  explosion  happened.  I  was  standing  in  the  drift,  about  4  yavd.-*  in 
the  new  drift  between  No.  8  and  No.  2.  We  were  shootin,?  side  off  and  making  the 
place  ^^ider.  We  went  down  at  half-past  five.  There  was  not  the  slightest  slack- 
ness in  the  ventilation  then.  We  were  blasting ;  commenced  drilling  between 
8  and  9  .  .  .  .  and  just  at  the  time  of  the  explosion  the  shot  exploded.  The 
hole  was  in  the  top.  some  t>  feet  (i  inches  from  the  bottom.  It  was  above  the  gas- 
pipe We  stayed  the  gas-pipe  up  to  prevent  it  being  broken.    Just  before 

we  lit  the  shot  up  I  saw  a  gas-light  burning  forenenst  the  new  engine-house.  W^e 
looked  up  to  see  if  anyone  was  coming,  and  I  saw  the  light.  My  son  lit  the  shot 
upj  and  walked  up  the  bank  in-bye-way.  I  walked  out-bye-way  down  the  bank, 
with  the  powder  bottle  in  my  hand,  to  prevent  anyone  coming  at  the  time  the 
shot  exploded.  I  went  into  the  mouth  of  the  new  drift,  and  stood  looking  at  the 
straw,  about  30  yards  more  or  less,  but  out  of  the  way  of  the  shot.  My  son  went 
the  other  way.  The  shot  exploded,  and  the  fire  came  momently — both  together. 
There  seemed  to  be  no  distinction  ....  I  met  Mr.  Thomson  ....  I 
told  him  the  explosion  was  at  our  shot,  but.  raind,  I  really  think  it  was  not,  because 
there  was  no  gas  coukl  accumulate  where  we  were.  The  current  of  air  was  too 
strong  for  it.     It  was  so  strong  that  we  had  to  have  double  clothes  on  to  keep 

ourselves  in  heat  when  working.     There  was  no  leakage  from  the  gas-pipe 

The  fire  came  from  in-bye-way  to  shaftward.  We  heard  only  one  report,  there 
was  no  second." 

Cross-examined— 

"  I  saw  the  shot  go  off.  and  then  the  fire  was  on  me The  two  things 

occurred  at  the  same  moment Am  quite  siire  the  explosion  did  not 

come  befoi'c  our  shot  went  off I  am  not  going  to  tell  a  lie  for  any  man 

on  earth ;  our  shot  went  off  just  as  the  explosion  came — just  as  two  men  might  be 
running  and  come  into  collision." 

Michael  Kennedy,  who  was  workins;  in  the  new  drift  just  driven 
between  the  Maudlin  and  No,  3  Pit,  the  new  diift  above  alluded  to, 
said — 

"  I  was  laying  plates  at  the  time  when  the  explosion  took  place,  and  heard 
Hutchinson's  shot  going  off.  I  said,  there's  Hutchinson's  shot  going  off,  and  presently 
after  that  felt  a  great  rush  of  wind I  only  heard  one  shot." 

John  Peart  confirmed  this,  and  as  these  men's  evidence  was  never 
shaken,  it  may  be  taken  to  be  abundantly  proved  that  the  firing  of  the 
shot  and  the  explosion  were  coincident. 

Seaham  Colliery,  1872. 

Leaving  this  for  the  present,  and  before  coming  to  the  subject  of 
the  explosion  in  1880,  it  will  at  this  point  be  proper  to  bring  out  the 
fact  that  towards  the  end  of  1872  there  was  another  explosion  which. 
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resulting  in  no  personal  injury,  and  in  but  very  trifling  damage  to  pro- 
perty, was  never  very  widely  known  nor  recorded.  But  the  following 
account  of  it  is  a  more  or  less  actual  description  of  what  happened, 
the  writer  having  frequently  talked  over  the  matter  with  both  officials  and 
workmen,  some  of  whom  were  eye-witnesses. 

In  order  to  enlarge  the  air-thift,  or  to  make  refuge-holes  (accounts 
differ)  workmen  were  told  to  take  stone  off  the  side  in  the  curve  drift,  some 
50  or  60  yards  nearer  the  shaft  than  the  position  of  Hutchinson's  shot. 
Two  men  drilled  a  hole  in  the  side  of  the  drift,  directly  into  the  solid,  with 
the  result  that  the  charge  l)lew  the  stemming.  The  flash  ignited  the 
coal-dust  raised  by  the  shot.  A  considerable  explosion  resulted,  which 
at  the  time  caused  some  consternation,  as  most  people  attributed  it  to 
gas.  In  this  case  the  flame  was  seen  to  pass  the  North  Maudlin  way- 
end  by  a  person  who  hap^jened  to  be  there.  From  memory,  his  descrip- 
tion was  that  he  saw  a  red  cloudy  flame  with  sparks.  Other  people  felt 
the  altered  pressure  on  doors,  etc.,  but  only  one  door  actually  sustained 
any  damage.  Alwut  60,000  cubic  feet  of  air  passed  the  point  where  the 
shot  was  flred,  and  in  spite  of  the  seeming  impossiliility,  so  many  people 
believed  that  gas  was  the  cause  that  the  place  got  an  uncanny  name, 
and  there  was  a  sort  of  unwritten  understanding  that  no  more  shots  should 
be  fired  in  the  curve  drift,  nor  has  shot-firing  ever  since  been  attempted  there. 

Seaham  Colliery,  1880. 

On  August  7th,  1880,  a  man  named  Robert  Guy  was  run  over  by  a 
set  of  tubs  on  the  ^Maudlin  engine-plane.  This  was  purely  accidental,  it 
being  shown  that  he  had  even  run  from  a  place  of  safety  to  throw  himself 
in  the  way  of  the  set.  Some  remarks  made  at  the  inquest,  as  to  the  size 
of  the  refuge-holes  provided,  led  the  WTiter,  who  was  then  shortly  to  leave 
the  colliery,  to  have  the  refuge-holes  all  carefully  examined  and  made 
larger  where  thought  too  small.  When  the  explosion  took  place  on 
September  8th,  this  work  had  been  going  on  for  some  weeks,  and  it 
will  thus  account  for  so  many  shots  being  fired  on  the  intake  on  the  night 
in  question.  As  to  the  prudence  of  doing  this,  no  one  entertained  the 
smallest  doubt.  Even  if  coal-dust  had  been  absolutely  proved  to  be 
dangerous,  at  none  of  the  places  where  shots  were  fired  would  anyone  have 
said  that  there  was  any  dust  to  speak  of.  To  all  appearance  the  fine  dust 
caiTied  down  the  pit  from  the  screens  by  the  air-current  was  deposited  in 
the  curve  drift  alluded  to  al)Ove,  and  the  air  on  tlie  Maudlin  engine-plane 
was  clear  and  pleasant.  Had  a  hundred  mining  engineers  been  asked  the 
question,  no  doubt  ninety-nine  of  them  would  have  answered  as  did  one 
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of  the  most  eminent  of  the  experts  who  gave  evidence  at  the  subsequent 
enquiry — "  I  should  say  there  is  no  more  daugei"  in  tiring  there  than  in 
firing  on  the  rocks  outside  the  harbour." 

At  about  half -past  two  in  the  morning  of  September  8th,  1880, 
an  explosion  again  occm'red  at  Seaham  Colliery,  but  on  this  occasion 
doing  infinitely  more  damage,  and  accompanied  by  a  far  greater  sacrifice 
of  human  life,  no  fewer  than  164  men  and  boys  being  among  its  victims. 
Like  that  of  1871,  it  was  speedily  and  conclusively  shown  that  its 
origin  could  not  have  been  in  the  working  faces,  since  the  damage 
was  confined  to  the  shafts  and  main  intakes,  or  rather  to  the  main 
haulage-roads,  none  of  the  returns  being  in  any  way  injured,  and 
the  damage  on  the  intakes  in  all  cases  stopping  some  distance  short 
of  the  workings  (Fig.  2,  Plate  XXIII. ).  This  was  so  clearly  shown 
that,  at  a  very  early  stage  of  the  subsequent  enquiry,  interest  was 
confined  as  to  what  happened  on  the  main  intakes,  and  suspicion  was 
specially  directed  to  three  points,  viz.,  the  Polka  way  curve  on  the  No.  1 
Pit  engine-plane,  marked  A ;  a  point  on  the  Maudlin  engine-plane  about 
150  yards  from  the  downcast  shaft,  marked  B  ;  and  the  neighlx)urhood  of 
the  Main  Coal  staple,  marked  C.  The  different  arguments  adduced  in 
favour  of  each  of  these  supposed  points  of  origin  will  be  examined  in 
detail.  At  present  it  will  suffice  to  say  that  at  point  A,  it  was  assumed 
gas  given  off  at  a  fall  had  ignited  at  a  Clanny  lamp,  the  swiftness  of 
the  cuiTent  rendeiing  such  an  oc-cuiTence  possible.  At  point  B,  a  presumed 
coincidence  between  the  time  of  the  explosion  and  the  time  of  a  shot 
being  fired  led  some  to  l^elieve  the  shot  was  the  cause.  And  at  point  C, 
a  shot  was  also  alleged  by  others  to  have  been  the  originating  cause. 

As  the  point  C  theory  received  the  least  support,  it  will  be  convenient  to 
take  it  first  (Fig.  ;3,  Plate  XXIY.).  The  advocates  of  the  theory  attempted 
to  show  that  as  the  Main  Coal  staple  was  connected  with  two  entirely 
separate  intakes,  viz.,  the  Main  Coal  at  the  top,  and  the  Xo.  3  Pit,  Hutton 
8eam  at  the  bottom,  it  was  possible  that  the  staple  bottom  might  have 
been  stagnant,  that  gas  might  have  collected,  and  that  it  was  fired  either 
at  an  ()}x,'n  lamp  which  hung  there  when  the  pit  was  at  work,  or  at  a  shot 
fired  not  far  from  the  staple,  but  on  the  main  intake.  Of  such  a  state  of 
things  no  evidence  was  adduced.  Had  the  current  been  foul,  so  many 
men  were  there,  including  the  deputy  in  charge,  that  some  one  must  have 
noticed  it :  while,  on  the  other  hand,  it  was  shown  that  in  the  staple  itsel  i 
a  considerable  cmi'ent  of  air  was  diverted  to  ventilate  the  Xorth  Maudlin, 
and  that  this  air  for  the  most  part  ascended  the  staple  from  the  Hutton 
Seam,  and  did  not  descend  from  the  Main  Coal ;  that  to  establish  an 
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absolute  equilibrium  between  the  two  intakes  was  in  itself  so  difficult  as 
to  be  well  nigh  impossible ;  that  no  naked  light  would  be  there  at  the 
time,  the  pit  being  done  work  ;  and  that  from  the  position  in  which  the 
bodies  of  the  men  were  found,  there  was  no  reason  to  suppose  the  shot  or 
shots  were  coincident  with  the  explosion.  The  bulk  of  the  evidence 
pointed  to  the  conclusion  that  the  stones  resulting  from  the  shots  had 
been  more  or  less  partially  removed,  and  one  man  was  found  actually 
engaged  in  stowing  stones  right  in  front  of  the  shot  most  suspected. 
Even  those  who  advocated  this  theory  admitted,  and  actually  upheld,  that 
the  shot  at  point  B  was  coincident  with  the  explosion ;  and  a  double 
coincidence  is  so  far  removed  from  the  laws  of  probability  that  it  would 
need  very  much  stronger  evidence  than  was  actually  adduced  to  carry 
conviction  with  it :  while  to  the  ^vl•iter  the  facts  that  were  observed 
appeared  absolutely  contradictory.  Dismissing,  then,  point  C  from  the 
enquu'y  as  not  being  in  the  least  substantiated,  there  remain  the  other 
two  assumed  points  of  origin,  and  the  evidence  in  favour  of  each  may  be 
now  briefly  reviewed. 

The  advocates  of  point  A  (Fig.  3,  Plate  XXIII.)  showed  that  at  the 
Polka  way  end  there  was  a  distinct  centre  of  disturbance,  force  having 
evidently  tra\elled  inward  to  the  straight  south  landing,  and  down  the 
thu'd  east  way,  and  outward  to  the  shaft.  Without  wearying  the  reader 
by  an  enumeration  of  these  indications,  it  is  sufficient  to  say  they  were 
clearly  marked,  and,  in  the  writer's  opinion,  greatly  preponderated  over 
evidence  of  a  contrary  character.  They  then  assumed  that  the  cause  of 
these  indications  was,  in  the  first  place,  a  fall  about  350  yards  on  the  out- 
bye  side  of  the  Polka  way  end ;  that  this  fall  had  liberated  gas  sufficient 
to  foul  the  current  to  the  explosive  point ;  that  the  mixture  had  fired  at  a 
Clanny  lamp  carried  by  a  workman  employed  there,  and  that  the  resultant 
explosion,  much  intensified  by  the  presence  of  coal-dust,  had  travelled 
inwards  and  outwards,  in  its  latter  path  crossing  the  shaft  bottom ;  that 
it  had  redoubled  its  force  in  the  dusty  curve  di-ift,  and  had  thence 
travelled  into  No.  3  Pit  Hutton  and  the  Maudlin  Seams.  The  coincidence 
between  the  shot  fired  at  point  B  and  the  explosion  was  also  admitted  by 
these  gentlemen  ;  but  they  attached  no  importance  to  it — conceiving  the 
improbability  of  the  shot  being  the  cause  to  be  too  great  for  serious 
consideration,  and  urging  against  it  the  all  but  impossibility  of  gas  being 
present,  even  in  the  smallest  proportion ;  and  they  also  pointed  out  that 
the  shot-firer,  who  had  been  standing  in  the  curve  di-ift,  had  evidently 
been  violently  hurled  from  No.  1  Pit  towards  No.  3  Pit,  or  towards  the 
shot  itself. 
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Those  who  favoured  point  B  (Fig\  8,  Plate  XXIV.)  being  taken  as  the 
place  of  origin  based  their  theory  on  the  fact  that  a  shot  had  there  been  tired 
coincideutly  with  the  exiDlosion,  and  they  proved  their  assumption  pretty 
clearly  to  the  satisfaction  of  all  parties.  They  showed  that  the  two  stonemen 
posted  there  had  been  in  the  act  of  firing,  because  their  gear,  both  drilling 
and  stemming,  was  placed  standing  upright  against  the  side,  and  that  they 
had  retreated  to  points  equidistant  from  the  shot  on  either  side  of  it,  one 
of  them  being  found  lying  in  a  refuge-hole  on  the  in-bye  or  No.  8  Pit  side 
of  the  shot,  and  the  other  being  found  jammed  against  the  curve  sheaves 
on  the  out-l»ye  side  of  the  shot.  The  latter  presented  every  appearance  of 
having  ]>een  standing  in  the  curve  drift,  which  was  his  natural  post  to 
warn  anyone  approaching.  They  then  showed  that  the  Xo.  1  Pit  shaft 
bottom  plainly  indicated  that  great  violence  had  been  exerted,  coming 
from  the  direction  of  No.  3  Pit ;  and  they  endeavoured  to  show — not 
quite  so  successfully  —that  force  had  travelled  up  the  No.  1  Pit  engine- 
plane.  They  further  pointed  out  that  the  Maudlin  engine-plane  was  more 
damaged  than  the  Maudlin  tra\elling-\vay  :  l)Ut  this  was  not  considered 
at  all  clearly  proved  by  the  writer,  any  difference  l)etween  the  two  being 
easily  accounted  for  l)y  the  one  being  a  haulage-road  and  the  other  merely 
a  travelling- way.  They  also  relied  on  the  fact  that  the  neighbourhood  of 
point  B  was  little  disturbed,  as  was  pro\ed  by  such  light  articles  as 
stemming  gear  having  been  undistm'bed,  though,  on  the  other  hand,  it  was 
pointed  out  that  there  was  very  little  timber  to  disturb,  that  the  roof  was 
a  strong  post,  and  that  the  course  of  the  blast  had  been  so  capricious  that 
scores  of  the  most  trifling  articles  had  been  left  undisturbed  in  all  parts  of 
the  mine,  while  more  bulky  olijects  close  at  hand  were  shattered.  But 
above  all,  they  relied  on  the  doul)le  coincidence  of  shots  being  fired  at  the 
same  place  in  both  the  1871  and  1880  explosions,  and  this  they  considered 
of  such  importance  that  their  inability  to  assign  the  exact  cause  hardly 
diminished  it.  They  urged  against  the  theory  which  assigned  the  origin 
of  the  explosion  to  point  A,  that  the  fall  had  taken  place  after  the 
explosion,  and  that  even  if  it  had  occurred  Ijefore  it,  it  was  out  of  reason 
to'  suppose  that  an  old  gallery  dri\'en  for  near  thirty  years  could  give  off 
gas  enough  to  foul  the  current.  But  the  most  weighty  facts  against  their 
theory  wei'e,  {a)  the  outward  indications  from  No.  1  Pit,  with  the  bulging 
inwards  of  the  shaft,  framing  from  south  to  north  ;  [b)  that  the  shot  was 
not  a  Itlown-out  shot,  and  had  evidently  Ijeen  properly  loaded;  {c)  that 
in  the  face  of  a  current  of  (JU,UUU  feet  of  air  no  accumulation  of  gas 
was  possible,  unless,  as  one  witness  put  it,  the  atmosphfere  itself  contained 
gas ;  and  lastly,  (</)  that  unless  some  small  percentage  of  gas  was  present. 
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the  coal-dust  in  the  air  could  not  of  itself  cause  an  explosion.  Readinc: 
the  evidence  adduced  in  favour  of  the  two  theories  in  the  light  furnished 
by  the  explosion  of  1880  alone,  their  respective  merits  may  thus  be  sum- 
med up: — Granting  the  gas  from  the  fall  on  No.  1  Pit  engine-plane,  none 
of  the  phenomena  witnessed  on  the  various  lines  of  force  are  impossiljle,  or 
even  diificult,  to  explain.  And  likewise  granting  that  coal-dust  alone  is 
capable  of  originating  an  explosion,  there  was  nothing  seen  which  could 
not  be  explained  from  such  a  starting-place  as  point  B;  so  that  the 
Avi'iter  is  of  opinion  that  the  experts,  the  assessors,  l)oth  legal  and  pro- 
fessional, and  the  coroner  and  his  jury,  were  all  justified  in  the  several 
positions  tiiey  took  up,  and  that  the  ultimate  decision  of  declining  to  fix 
the  point  of  origin  was  the  only  one  possible  under  the  circumstances. 
This  decision  was  arrived  at  l)efore  the  reopening  of  the  Maudlin  Seam, 
which  had  been  sealed  up  owing  to  the  discovery  of  a  standing  fire,  but 
nothing  there  observed  threw  any  additional  light  on  the  subject. 

Remarks  on  the  Seaham  Colliery  Explosions. 

Having  thus  shown  that  in  1871,  1872,  and  1880  shots  at  or  near 
the  termination  of  the  curve  drift  between  Nos.  1  and  H  Pits,  were 
coincident  with  explosions,  and  bearing  in  mind  the  ^•ery  different 
consequences  resulting  in  each  case,  the  writer  now  draws  special  atten- 
tion to  what,  in  his  opinion,  constituted  the  radical  differences  in  the 
circumstances. 

When,  in  187  i,  the  writer  took  charge  of  8eaham,  on  the  north  or 
No.  li  Pit  side  of  No.  1  Pit  shaft  there  stood  a  large  cistern  constantly  fed 
from  the  tubbing  in  the  shaft.  This  cistern  was  used  for  drinking  water, 
and  water  tubs  were  filled  there.  It  not  infreuueiitly  overflowed,  and 
there  might  be  leaky  joints  in  the  pipes,  but  at  any  rate  from  one  or 
more  of  these  causes,  the  road  for  40  or  50  yards,  being  almost  dead 
level,  was  as  a  rule  quite  wet  and  sloppy— so  much  so  as  to  be  at  times  a 
nuisance  and  a  subject  of  complaint  among  the  men  who  had  to  wait 
there  before  riding.  To  the  best  of  the  writer's  knowledge,  and  after 
having  made  encjuiry,  this  was  so  in  1871-2.  At  a  subsequent  dale, 
when  the  pit  bottom  was  enlarged  and  altered,  all  this  was  changed,  and 
in  1880  this  portion  of  the  roadway  would  no  longer  oppose  a  damp 
passjige  or  inter\al  l)etween  the  Nos.  1  and  3  I'its — an  inter\al  which 
subsecpient  experience  has  shown  to  be  anq)le  to  destroy  the  propagative 
force  of  a  elust  explosion. 

Again,  in  1871,  between  the  curve  drift  and  No.  3  Pit  workings  there 
was  no  such  damp  barrier,  but  in  1872,  the  Maudlin  engine  having  then 
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been  set  to  work,  all  the  drainage  from  the  boiler  and  waste-pipes  found 
its  way  towards  No.  1  Pit,  and,  lodging  in  a  depression,  caused  the  roadway 
to  be  always  more  or  less  wet,  the  only  means  of  taking  the  water  away 
being  by  tubs.  But,  when  the  ]\Iaudlin  kip  was  done  away  with,  this 
water  did  damage  to  the  haulage  rope,  and  prior  to  1880  a  large  sump 
had  been  cut,  and  as  this  was  emptied  at  periods  more  or  less  remote,  the 
road  at  that  point  was  restored  to  its  ordinary  condition,  which  was,  if 
not  dusty,  at  any  rate  dry,  and  would  no  longer,  as  in  1872,  Idc  a  check 
to  the  propagation  of  a  dust  explosion. 

PocHiN  Colliery,  1884. 

Leaving  the  Seaham  explosions  for  the  present,  we  now  come  to  that 
of  Fochin  in  1884,  the  consideration  of  which  will  Idc  found  to  throw 
considerable  light  upon  the  previously  recited  facts. 

The  sinking  of  Pochin  Colliery  was  begun  in  the  year  1880,  and  reached 
the  coal  in  the  autumn  of  1881.  By  the  instructions  of  the  directors  of 
the  Tredegar  Iron  and  Coal  Company,  Limited,  and  their  general  manager, 
especial  care  was  taken  in  the  laying  out  of  the  colliery  to  provide  ample 
ventilation,  and,  s}3eaking  generally,  no  expense  was  spared  to  attain  the 
maximum  degree  of  safety.  The  shafts,  18  and  16  feet  respectively,  were 
unusually  large;  the  Guibal  ventilating  fan,  40  feet  diameter  and  12  feet 
wide,  ensured  an  abundant  supply  of  air,  while,  underground,  the  air- 
ways were  made  of  such  a  size  that  at  no  point  was  the  speed  of  the 
current  excessive.  At  40  revolutions  of  the  fan,  the  water-gauge  was 
2"1  inches,  and  the  volume  of  air  circulated  was  107,000  cubic  feet  per 
niiimte,  of  which  74,000  was  actually  sent  into  the  workings  proper. 
About  375  men  and  boys  were  employed,  of  whom  over  300  were  in  the 
day-shift,  and  the  daily  output  was  between  500  and  600  tons  of  coal. 
Locked  safety-lamps  were  exclusively  used,  but  only  as  a  precaution — 
gas  in  an  explosive  state  having  rarely  been  seen,  except  in  occasional 
blowers;  and,  though  it  was  constantly  given  off  at  the  coal  faces,  yet 
on  ordinary  occasions  in  the  return  it  was  barely  perceptible  as  the 
faintest  of  blue  caps  on  the  flame  of  the  lamp.  The  seams  worked  were 
the  Yard,  aljout  3  feet  4  inches  thick,  and  the  Big  Vein,  about  5  feet 
6  inches  thick,  the  distance  between  them  varying  from  about  35  feet  at 
the  shafts  to  6  or  7  feet  at  the  extreme  north  of  the  then  workings.  The 
Big  Vein  was  worked  piUar  and  stall,  and  little  or  no  l)lasting  was 
required.  The  Yard  Seam  was  worked  longwaU,  and  though  powder  was 
seldom,  if  ever,  used  in  the  coal,  it  was  habitually  used  in  making  height 
in  the  gateways. 
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At  different  times  in  1883-4,  what  were  called  "heavy"  shots  were 
reported  to  the  wiiter,  who  on  more  than  one  occasion  examined 
personally  into  the  circumstances.  These  heavy  shots  were  those 
which,  besides  doing  the  work  intended  to  be  done  by  them,  ap- 
peared to  have  thrown  more  or  less  back  into  the  stall  or  gateway — on 
at  least  one  occasion  producing  all  the  effects  of  a  miniature  explosion, 
setting  fire  to  the  props,  blistering  the  coal  in  the  tram,  and  leaving  the 
unmistakable  smell  of  after-damp.  At  first  these  phenomena  were  set 
down  to  careless  examination,  and  it  was  suspected  that  small  quantities 
of  gas  had  been  exploded ;  but,  afterwards,  the  management  came  to  the 
conclusion  that  it  was  dust  and  not  gas  which  played  the  principal  part, 
as  one  of  the  worst  of  these  shots  had  been  fired  by  the  night-overman,  a 
man  scrupulously  exact  in  his  examinations,  and  who  had  been  specially 
cautioned  on  the  point.  In  consequence,  more  stringent  regulations 
were  made.  Shot-firing  was  altogether  prohibited  where  coal-dust  was 
apparently  present  and  when  any  person,  save  the  shot-firers,  was  in  the 
mine.  As  a  further  precaution  it  was  also  forbidden  on  any  haulage 
road  or  main  air-current  under  any  circumstances.  Of  the  danger  of 
doing  so,  even  when  the  place  Avas  watered,  both  the  under- viewer  and 
overman  were  fully  cognizant,  and  they  in  turn  had  warned  the  other 
officials  and  the  principal  colliers  in  the  sjime  manner,  though  it  is  open 
to  question  that  previous  to  the  explosion  the  majority  would  admit  the 
practice  was  dangerous. 

However,  in  spite  of  all  precautions,  on  the  night  of  November  8th, 
1884,  the  pit  fired,  with  the  result  that  every  living  being  in  that  level  of 
the  mine  was  destroyed.  Fortunately,  only  14  men  were  in  the  pit  at  the 
time.  The  force  of  the  explosion  was  enormous,  blowing  the  cage  into 
the  pulleys,  lifting  the  main  legs  out  of  their  sockets,  though,  besides 
their  own  weight  and  the  weight  of  the  pulleys,  ropes,  and  cages,  they 
were  held  down  by  eight  wire-rope  guides,  each  loaded  with  25  cwts.; 
the  fan  drift  was  blown  up  and  the  fan  and  chamber  partly  destroyed; 
and  altogether,  without  enlarging  more  on  the  subject,  very  unusual 
violence  was  displayed.  Underground,  every  portion  of  the  open  roads 
and  even  the  goaf  of  the  Big  Vein  had  been  searched  by  fire,  the  coal 
faces  were  everywhere  coked,  and  the  only  exceptions  to  the  general 
destruction  were  two  short  headings  B  in  the  new  south  Big  Vein  to  the 
extreme  dip,  and  the  lower  portion  of  the  water  standage  C  (Fig.  4, 
Plate  XXIL).  Everybody  being  killed,  what  happened  underground 
could  only  be  surmised,  but  the  following  account  will  tell  all  that  was 
known : — 
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It  being  Saturday,  the  pit  finished  at  2  p.m.  The  shot-fireman,  who 
came  in  at  that  hour,  fired  off  all  his  shots  and  rode  about  6'30  p.m. 
At  about  9  p.m.  the  night-pumpman  rode  to  get  his  supper,  and  nearly  at 
the  same  time  one  of  the  colliers,  who  had  come  to  bank  a  short  time 
previously,  returned  to  his  work.  The  workmen  then  left  in  the  mine 
were  six  colliers,  engaged  in  cutting  bottom  on  the  main  intake  at  two 
different  places,  one  (Group  Xo.  1)  220  yards  from  the  downcast,  and 
the  other  (Group  Xo.  2)  on  the  same  intake,  but  140  yards  farther  in- 
bye.  With  these  colliers  were  four  labourers  engaged  in  stowing  the 
rubbish  in  the  workings  of  the  Big  Vein,  two  hauliers,  and  two  roadmen 
working  near  the  shaft.  At  the  time  of  the  explosion  it  was  conjectured 
that  one  part  at  any  rate  of  these  workmen  had  ceased  work  for  supjxjr 
time,  as  the  men  of  Group  Xo.  2  appeared  to  have  been  in  the  lamp 
station  cabin,  and  the  labourers  in-bye  were  found  sitting  down,  two  of 
them  with  food  in  their  hands.  The  bodies  of  the  four  colliers  nearer 
the  shaft  were  so  much  mutilated  that  what  they  were  doing  at  the  time 
could  not  even  l)e  guessed  at,  while  the  two  roadmen  had  evidently  been 
at  work  close  to  the  shaft-ljottom,  since  they  were  found  in  the  sump 
buried  beneath  many  tons  of  timljer,  partly  torn  from  the  sides  and  roof 
of  the  main  level  and  partly  the  framing  and  flooring  of  the  shaft  itself. 
All  the  lamps  which  were  found  were  locked,  no  drilling  or  stemming 
gear  appeared  to  have  been  used,  and  nothing  pointed  to  a  shot  having 
been  fired.  Among  the  experts  who  examined  the  mine  in  the  hope  of 
elucidating  the  mystery  was  Mr.  W.  Galloway,  the  well-known  exponent  of 
the  coal-dust  theory,  and  the  whole  of  them  made  a  careful  scrutiny  of 
the  places  where  the  bottom  had  been  cut,  but  beyond  observing  that  an 
unnecessary  depth  appeared  to  ha\e  been  cut  at  the  point  marked  A  on  the 
plan,  the  most  minute  examination  could  not  show  that  a  shot  had  been 
fii-ed,  nor,  as  the  bottom  was  comparatively  soft  and  worked  readily  with 
the  pick,  did  there  appear  any  occasion  to  have  recourse  to  blasting. 

In  the  total  absence  of  proofs,  at  the  enquiry  there  was  the  usual 
difference  of  opinion,  the  mining  experts  giving  one  theory,  the  district 
inspectors  of  mines  a  second,  and  the  visiting  insjDector  of  mines,  Mr,  Wales, 
a  third.  The  latter  was  of  opinion  that  the  explosion  had  occurred  at 
the  pit  bottom,  at  the  only  naked  light  in  the  pit.  The  gas,  he  as- 
sumed, had  come  from  the  staudage,  although  16,800  feet  of  an-  circultited 
there,  and  the  pumpman  gave  direct  testmiony  that  when  he  went 
to  bank  the  water  was  out,  and  the  air  travelling  as  usual.  Xo  one  else 
gave  this  theory  the  slightest  support,  and  it  may  be  dismissed  as  impossible. 

The  experts,  owing  principally  to  the  outward  indications  i^om  the 
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iiortli  way,  supposed  that  the  shot-tireman  might  have  left  a  I'eedcr  of  gas 
burning,  and  t]iat  a  bag  of  gas  had  been  given  off  ])y  a  settling  down  of 
the  roof,  and  that  this  had  fired  at  the  burning  blower.  The  resident 
inspector  of  mines  held  that  the  explosion  originated  on  the  main  level, 
but  he  offered  no  explanation  of  the  cause  of  it.  Could  it  have  been 
assumed  that  a  shot  had  been  fired  at  point  A,  this  disagreement  of 
opinion  would  hardly  have  taken  place,  and  this  was  the  reason  why  the 
spot  was  so  carefully  examined.  It  was  observed  by  all  these  gentlemen 
that  there  was  little  or  no  disturbance  at  that  point.  It  was  almost  the 
only  part  of  the  pit  where  the  timber  was  not  blown  out,  tliongh  the 
ground  was  bad  and  rotten,  and  the  packing  above  tlie  timber  would 
easily  have  yielded  to  a  blast.  The  few  indications  of  force  at  the  point  A 
were  from  the  workings  outwards ;  such  things  as  a  tool  chest,  a  grease 
barrel,  etc.,  having  been  blown  out-])ye :  the  latter  having  been  moved 
from  the  top  of  the  dip-heading,  was  found,  knocked  to  pieces,  close 
to  where  the  bottom  was  being  cut.  This  fact,  coupled  with  the  out- 
ward indications  from  the  north  way,  together  with  the  fact  that  the 
only  men  mutilated  were  on  the  out-bye  side  of  that  way,  rendered  it 
extremely  difficult  to  propound  any  theory  with  any  semblance  of  pro- 
bability, and  an  open  verdict  was  returned  by  the  coroner's  jury — a  ver- 
dict endorsed  by  the  legal  assessor. 

The  question  thus  remained  a  complete  mystery  to  everybody,  the 
management  included,  until  more  than  a  year  afterwards.  At  that 
tune,  natural  decay  caused  it  to  be  necessary  to  renew  the  timber  at 
point  A.  Then  it  was  discovered,  beyond  any  reasonable  doubt,  that  a 
shot  had  been  fired  there,  for,  hidden  carefully  away  behind  the  props 
(large  trees  of  fi-om  12  to  lo  inches  diameter),  were  found  a  Davy  lamp 
solely  used  by  shot-firers,  and  of  which  two  only  were  in  use  on  the 
colliery,  drills,  copper  gear,  and  a  coil  of  fuze.  A  can  of  loose  powder 
W'ithout  any  lid  had  previously  been  found  at  the  same  spot.  The  Davy 
lamp  had  been  missing  ever  since  the  explosion,  and  was  at  once  identified 
as  being  a  shot-firer's.  How  it  got  into  the  hands  of  the  collier  was  never 
explained.  It  then  became  perfectly  plain  that  the  collier  engaged  in 
cutting  bottom  stone  at  the  point  A,  having  found  a  hard  panel,  had,  to  save 
himself  manual  labour,  drilled  a  hole,  gone  to  bank  and  got  powder,  and 
fired  a  shot.  This  most  probably  shattered  the  stone  all  to  pieces  and  so 
destroyed  the  evidence  of  its  use.  Knowing  he  was  doing  \ATong,  before 
lighting  up  the  shot,  he  had  carefully  hidden  all  away,  no  doubt  fearing  a 
chance  visit  from  the  overman.  He,  being  found  on  the  in-bye  side  of 
the  lamp  station,  had  no  doubt  been  watching  the  shot  go  off,  his  mate 
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and  two  hauliers  in  the  meanwhile  waiting  in  the  cabin.  This  perfectly 
explained  the  position  of  both  the  hauliers  and  their  horses,  the  latter 
being  found  on  either  side  of  point  A  about  50  yards  from  it,  where  they  had 
been  stopped  while  the  preparations  for  firing  the  shot  were  being  made. 

Assuming,  then,  that  the  cause  of  the  Pochin  explosion  was  a  shot 
fired  in  the  bottom  stone,  the  next  point  is  to  examine  the  conditions. 
The  volume  of  air  passing  the  point  A  where  the  shot  was  fired  was 
50,000  cubic  feet  per  minute,  more  or  less,  and  the  distance  from  the  shaft 
was  360  yards.  The  only  sources  of  contamination  by  gas  were  :  {a)  the 
shafts  themselves,  walled  from  top  to  bottom  with  bricks  and  cement; 
{h)  the  main  level,  which  had  been  driven  three  years,  and  where  little  or  no 
gas  had  been  given  off,  even  when  the  coal  was  ft'eshly  excavated,  and  in 
which  there  was  neither  fall,  lofting,  nor  crack  in  tiie  roof ;  and  (r),  the 
dip  workings,  which  had  been  set  away  longwall,  and  which  had  been 
arrested  at  a  nip-out  only  a  few  yards  away.  These  never  made  any  gas 
in  appreciable  quantity,  were  thoroughly  stowed  up,  and  the  roof  had 
settled  solidly  down,  reducing  the  air-way  round  the  headings  to  little 
more  than  8  feet  high.  About  2,000  feet  of  air  circulated  round  these 
headings,  no  gas  had  ever  been  reported  there,  and  no  blue  flame  showed 
on  the  naked  light ;  no  fall  had  taken  place ;  and  no  reason  was  to  be 
assigned  for  any  sudden  giving  off  of  gas.  And  even  if  it  be  held  that 
a  certain  amount  of  gas  must  have  been  present  in  this  2,000  feet, 
although  imperceptible  to  ordinary  examination,  this  could  not  amount  to 
more  than  40  or  50  cubic  feet  per  minute,  or  it  would  have  been  observ- 
able, and  this  quantity  when  diluted  by  the  whole  current  of  50,000  feet 
becomes  infinitesimal.  Therefore,  it  is  safe  to  assume  that  for  all  prac- 
tical purposQS  the  air  at  point  A  was  pure,  or  nearly  so,  and  that  the 
management  thought  so,  is  shown  by  the  fact  that  the  lamp-lighting 
station  was  distant  only  a  few  yards  from  it.  The  cuiTent  was  not  very 
swift,  9  or  10  feet  per  second,  but  it  would  doubtless  be  loaded  more  or 
less  with  coal-dust  raised  by  the  party  of  workmen  engaged  in  cutting 
bottom  120  yards  farther  out-bye,  and  in  the  total  absence  of  any  proof 
as  to  gas  being  present  in  the  air,  it  must  be  held  to  be  proved  that  it 
was  a  coal-dust  explosion  pm*e  and  simple. 

ReMAEKS   on   THE    SeAHAM   AND    PoCHIN    EXPLOSIONS. 

If  therefore  at  Pochin  it  has  been  proved  almost  beyond  doubt  that 
the  firing  of  a  shot  was  the  cause  of  an  explosion  of  coal-dust,  the  next 
step  will  be  to  apply  the  knowledge  so  gained  to  clearing  up  the  mystery 
of  the  three  Seaham  explosions,  accompanied  as  they  were  in  each  case  by 
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coincident  shots,  all  fired  within  a  few  yards  of  each  other,  and  we  are 
almost  of  necessity  driven  to  the  conclusion  that  these  shots  were  alone 
the  cause,  and  it  is  only  necessary  to  enquire  whether  {a)  gas  alone,  {h)  gas 
and  coal-dust  mixed,  or  (r)  dust  alone  was  the  direct  medium  acted  on 
by  the  flame  of  the  shot. 

As  the  average  ventilation  in  the  downcast  shaft  was  about  315,000 
cubic  feet  per  minute,  and  as  the  shaft  was  walled  or  tubbed  through- 
out its  length,  it  will  at  once  be  conceded  tiiat  it  was  practically 
impossible  that  gas  would  be  present  in  the  air  except  in  the  most  in- 
finitesimal proportion  at  the  bottom  of  No.  1  Pit.  For  about  50  to 
GO  yards  from  the  bottom  of  the  shaft  the  Hutton  Seam  was  exposed,  but 
tlie  amount  of  gas  given  off  from  a  gallery  twenty  to  thirty  years  old  must 
be  very  slight.  Tt  is  difficult  therefore  to  conceive  that  any  appreciable 
quantity  of  gas  was  present  in  the  air  when  it  reached  the  respective 
points  where  the  shots  were  fired.  True,  at  the  very  end  of  the  enquiry, 
an  attempt  was  made  to  account  for  the  presence  of  gas  by  assuming  that 
the  Maudlin  engine-plane,  being  a  duplicate  intake,  might  be  stagnant, 
that  2^  per  cent,  of  gas  might  be  mixed  in  the  stagnant  air  without  being 
detected  by  the  lamp,  and  that  this  2|  per  cent,  plus  coal-dust,  might 
account  for  the  explosion.  But,  as  a  matter  of  fact,  none  of  these 
assumptions  had  the  least  foundation.  As  much  air  entered  the  Maudlin 
Seam  by  the  engine-plane  as  by  the  travelling  way,  and  such  a  thing  as 
stagnation,  or  even  slackening  of  the  current,  had  never  been  observed. 
And  even  if  it  were  admitted  as  possible,  the  presence  of  2^  per  cent,  of 
gas  at  the  mouth  of  a  stagnant  drift  would  be  2^  per  cent,  no  longer  when 
caught  up  and  swept  away  by  the  G0,000  feet  entering  the  No.  3  Pit 
Hutton  Seam.  But  the  ^vl•iter  has  a  conviction,  amounting  to  a  certainty, 
that  the  Maudlin  engine-plane  was  not  stagnant,  and  that  no  more  gas  was 
present  in  the  air  at  the  point  where  the  shots  were  fired  than  can  be 
imagined  to  be  given  off  in  the  shaft  itself  and  the  150  yards  of  gallery, 
more  than  half  of  which  was  stone  di-ift,  and  he  is  of  opinion  that  to  all 
intents  and  purposes  the  air  was  pure,  and  that  coal-dust,  and  coal-dust 
alone,  was  the  dause  of  all  three  explosions.  What  quantity  of  dust  was 
in  the  air  will  be  touched  upon  later. 

Comparing  the  results  of  the  Seaham  explosions  with  that  at  Pochin, 
it  will  at  once  be  seen  that  there  is  one  radical  difference.  At  Seaham 
only  the  intakes  were  affected,  while  at  Pochin  nearly  every  portion  of  the 
mine  was  searched  by  the  blast.  Altogether,  apart  from  the  question  as  to 
how  explosions  are  originated,  this  has  a  direct  bearing  as  to  the  manner 
in  which  they  are  propagated.     This  difference  is  easily  explained  by  the 
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diflFereiit  systems  of  working.  In  the  North,  the  returns  are  exdusively  de- 
voted to  the  circulation  of  air,  and  are  usually  shut  off  from  the  intake  by 
stoppings  and  locked  separation-doors.  At  Pochin,  as  generally  in  South 
Wales,  the  returns  were  used  as  haulage  roads  indifferently  with  the 
intakes,  convenience  only  being  considered,  and  so  far  as  the  presence  of 
coal-dust  blown  from  the  loaded  trams  was  concerned,  there  would  be  little 
to  choose  between  intake  and  return,  the  amount  of  moisture  present  in 
the  air  being  the  only  greater  element  of  safety  possessed  by  the  latter. 
Yet,  while  the  destructive  effects  of  the  explosions  at  Seaham  were  confined 
to  the  intakes,  practically  as  regards  loss  of  life,  the  difference  of  system 
produced  no  different  result,  the  resultant  after-damp  being  as  fatal  as  the 
direct  effects  of  the  explosion.  On  the  other  hand,  there  is  the  strong 
point  of  resemblance  that  at  both  places  the  explosions  were  incapable  of 
propagating  themselves  for  any  distance  in  the  absence  of  coal-dust. 
Thus,  besides  the  instances  already  cited  at  Seaham,  at  Pochin,  in  the 
farthest  south  Big  Vein  workings,  a  length  of  a  few  yards  of  wet  road 
saved  both  these  headings  and  the  adjacent  stalls  from  destruction  or  even 
damage.  In  the  standage  also,  although  the  flame  had  followed  the  coal- 
dust  down  Pope's  Deep,  and  although  the  shock  had  been  continued  as  a 
wave  of  air  all  round  the  standage,  all  signs  of  Ijurning  ceased  as  soon  as 
the  ordinary  level  of  the  water  was  reached,  and  no  real  damage  was  done 
beyond  that  point.  In  the  same  manner,  the  flame  coming  out  by  the 
return  had  passed  the  upcast  shaft,  and  had  travelled  against  the  air  to  the 
stables,  and  while  the  first  horse  was  slightly  burned,  the  damp  air  of  the 
stables  speedily  extinguished  the  flame,  so  that  no  more  signs  of  burning 
were  afterwards  visible,  although  the  rush  of  air  was  so  violent  as  to  carry 
hay,  harness,  etc.,  over  100  yards  towards  the  downcast  shaft. 

Another  point  of  resemblance  between  the  Seaham  explosion  of  1880 
and  the  Pochin  of  1884  is  the  contradictory  nature  of  the  indications  of 
the  course  of  the  blast.  This  can  only  be  accounted  for,  by  the  theory  that 
when  an  explosion  travels  inwards  towards  the  faces  of  the  workings  there 
is  an  inevitable  recoil  due  to  the  enonnous  expansion  of  the  gases  by  heat ; 
while,  near  the  shaft,  though  the  writer  hazards  the  opftiion  somewhat 
donbtf  uUy,  there  may  be  an  inrush  of  air  to  take  the  place  of  the  products 
of  combustion  forcibly  expelled  from  the  mine.  Whatever  be  the  cause  it 
is  an  undoubted  fact  that  in  both  cases  the  indications  were  always  un- 
reliable and  frequently  contradictory,  and  the  inference  is  that  indications 
should  be  very  closely  sifted  before  any  conclusion  is  drawn  from  them. 

Assuming  that  in  all  these  cases  the  actual  point  of  origin  of  each 
explosion  has  been  definitely  fixed,  there  is  the  further  resemblance  that 
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tlie  seats  of  the  explosions  were  eliaracterized  by  the  nearly  complete 
absence  of  violence.  Thus  in  1871,  though  Hutchinson  was  burnt,  he 
never  lost  consciousness.  Tn  1880,  at  the  same  place,  though  botli  the 
stonemeii  were  burnt,  little  or  no  disturbance  took  place,  the  man  who 
was  most  injured  having  been  blown  in  the  direction  contrary  to  the 
original  course  of  the  blast,  apparently  by  the  recoil  either  from  No.  1 
Pit  or  from  the  surface.  And  at  Pochin,  the  timber  was  undisturbed, 
and  the  heat  was  insuflBcient  to  ignite  an  open  canister  of  loose  powder, 
and  even  25  yards  away  had  not  gathered  sufficient  force  to  injure  the 
body  of  a  man  directly  in  its  path,  but  at  120  yards  distance  men  were 
blown  into  indescribable  fragments. 

Besides  the  already  noticed  inability  of  an  explosion  to  propagate  itself  in 
the  presence  of  a  damp  road,  it  may  further  be  pointed  out,  that  at  Sealiam 
the  greater  lengths  of  the  roadways  seemed  to  cause  the  explosion  to  die 
away  before  it  reached  the  workings.  This  in  no  way  contradicts  the 
observed  effects  at  Pochin,  for  presumably  even  when  coal-dust  is  present 
it  must  be  quite  free  from  moisture  to  enable  the  flame  to  pass  from  atom 
to  atom ;  and  as  the  current  of  aii-  in  the  longer  galleries  gradually  reached 
the  nonnal  temperature  of  the  mine,  it  would  be  no  longer  capable  of 
absorbing  moisture  from  surrounding  objects,  and  the  probabilities  are, 
that  at  the  point  where  the  explosions  at  Seaham  ceased,  it  would  be  found 
that  saturation  had  been  reached,  and  that  the  coal-dust  had  begun  to 
absorb  moisture  from  the  air.  Therefore  successfully  to  propagate  a  dust 
explosion  the  dust  must  be  absolutely  dry,  and  these  conditions  seem  only 
to  be  fulfilled  on  an  intake  road  with  air  rising  in  temperature.  At 
Seaham  the  second  intakes  of  the  Maudlin  and  No.  1  Pit  both  escaped 
damage,  although  on  any  theory  they  were  as  open  to  the  blast  as  the  haul- 
age-roads themselves,  and  at  the  same  pit  it  was  frequently  observed  that  a 
force  sufficient  to  knock  doors  to  matchwood,  and  to  displace  massive  brick 
stoppings,  seemed  to  die  away  within  a  few  yards,  leaving  cobwebs  undis- 
turbed in  the  return.  Outside  the  actual  field  of  the  explosion,  or  in 
other  words  outside  the  area  where  dry  dust  was  to  be  found,  it  is 
questionable  if  any  other  effect  could  have  been  observed,  save  the  atmos- 
pheric wave,  which  in  the  very  most  of  the  cases  was  insufficient  to 
extinguish  a  safety-lamp,  although  the  ease  with  which  a  lamp  is  put  out 
by  the  concussion  of  a  common  shot  is  well  known  to  everyone.  Workmen 
employed  in  the  pit  in  1871,  have  described  to  the  wTiter  the  sensations 
they  observed.  They  felt  the  sudden  checking  of  the  air,  those  near  a 
door  heard  the  door  move,  and  presently  the  air  took  its  natural  course 
again.       Probably   in   1880   this   would  be   all  that   was   felt   by  the 
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workmen  not  actually  in  the  field  of  the  explosion,  save  that  the  air  did 
not  resume  its  natural  course,  and  meeting  the  after-damp  would  be  to 
them  the  first  certain  intimation  that  the  pit  had  fired. 

After  the  explosion  at  Pochin  in  1884,  a  number  of  hygrometers  were 
procured,  and  for  a  very  long  period  observations  were  made  as  to  the 
amount  of  moisture  present  in  the  air.  Without  going  into  details, 
which  would  almost  demand  a  separate  paper,  it  may  be  sufficient  to 
say  that  there  was  a  very  great  variation  in  the  condition  of  the  air  from 
day  to  day,  and  even  from  hour  to  hour.  A  dry  wind  and  low  tempera- 
ture on  the  surface  tended  to  produce  conditions  underground  favourable 
to  the  ready  ignition  of  dust,  and  thus  might  account  for  the  fact  that 
the  generality  of  large  explosions  have  occurred  in  the  winter  months 
or  at  night  time.  And  this  leads  to  the  conclusion  that  while  all  shot- 
firing  on  intakes  is  necessarily  dangerous,  the  danger  rapidly  increases  the 
nearer  to  the  shaft  the  shots  are  fired.  The  dust  is  drier  and  must  be 
more  easily  distilled  by  heat,  but  another  and  even  more  important  reason 
is  that  the  nearer  the  shaft,  as  a  general  rule,  the  swifter  the  current, 
and  consequently  in  a  given  space  of  time  more  dust  is  conveyed  to  the 
flame  of  a  sliot  than  where  the  current  is  feeble.  In  this  light  the 
heavy  shots  already  noticed  at  Pochin  must  be  regarded  as  genuine 
explosions,  which  did  not  spread  or  attain  any  magnitude  owing  to  their 
not  being  in  any  strong  current  of  air.  In  the  \^Titer's  opinion,  grant- 
ing that  a  shot  can  ignite  coal-dust,  the  way  in  which  the  dust  will 
behave  is  strictly  paralleled  by  the  well-known  difference  between  placing 
a  Davy  lamp  in  an  explosive  mixture  in  a  feeble  current,  and  the  same 
lamp  under  similar  conditions  in  a  current  of  higher  velocity.  If  such 
an  amount  of  gas  is  consumed  in  a  Davy  lamp  that  the  gauze  is  not  able 
to  radiate  the  resulting  heat,  its  temperature  will  rapidly  reach  such  a 
point  as  to  ignite  the  gas  outside  it.  In  the  same  manner  the  momentary 
flame  from  a  shot  will  ignite  all  the  dry  coal-dust  immediately  in  its 
path  with  commonly  no  serious  effect  if  the  current  is  feeble ;  yet  if, 
in  the  same  space  of  time,  ten  or  fifteen  or  even  twenty  times  the  amount 
of  dust  is  brought  in  contact  with  the  flame  by  a  swift  current,  the  heat 
must  be  proportionately  greater :  and  once  a  sufficiently  high  temperature 
is  produced,  the  particles  of  coal-dust  are  distilled,  the  inflamed  gases  com- 
municate their  heat  to  other  particles,  and  so  the  process  will  go  on  with 
ever-increasing  violence  until  the  supplies  of  dust  are  exhausted.  It 
will  also  be  seen  that  a  swift  current  will  hold  more  dust  in  suspension 
than  one  of  feebler  force,  and  this  leads  to  the  enquiry  as  to  what  amount 
of  dust  is  really  dangerous. 
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What  Quantity  op  Dust  is  Danoekous  ? 

Except  when  tubs  or  trams  were  actually  running,  which  was  not 
the  case  in  any  of  the  explosions  noticed,  it  would  be  a  mistake  to  sup- 
pose that  in  an  ordinary  way  there  would  be  sufficient  dust  present  to 
present  the  appearance  of  a  cloud.  A  person  might  descend  tlie  pit 
and  walk  about  the  air-ways  adjacent  to  the  shaft  without  gathering  more 
dust  or  dirt  on  face  or  hands  than  he  would  do  in  walking  about  the 
surface  of  any  east  coast  Durham  colliery.  The  writer  is  prepared  to 
speak  with  confidence  on  the  subject,  having  passed  these  points  many 
scores  of  tunes,  both  by  day  and  night,  and  unless  something!  unusual 
happened  just  at  the  moment,  the  casual  observer  would  never  have 
called  these  places  dusty.  Now  in  1871,  nothing  unusual  did  happen ; 
we  have  Hutchinson's  direct  evidence  on  the  point,  so  that  it  is  reasonable 
to  suppose  that  only  the  ordinary  amount  of  dust  was  suspended  in  the  air, 
and  this  ordinary  amount  might  be  best  described  as  an  extremely  line, 
impalpable  powder,  extremely  irritating  to  the  eyes  and  nostrils,  but  which 
would  take  a  considerable  tinn  to  discolour  a  white  handkerchief  or  a 
sheet  of  white  paper; — yet  the  va-iter  now  believes  that  this  extremely  fine 
dust  is  more  dangerous  by  far  than  the  coarser  cloud  which  might  acci- 
dentally be  raised  by  the  shuffling  of  a  man's  feet  while  walking. 

Pkecautions  necessary  when  Firing  Shots  on  Intake  Air-ways. 

If  shot-firing  on  an  intake  is  an  absolute  necessity,  nothing  but 
saturating  the  air  itself  with  water-vapour  or  thoroughly  wetting  all 
the  neighbourhood  of  the  proposed  shot  will  enable  it  to  be  fired  with 
safety ;  but  for  the  most  part,  if  the  writer's  conclusions  are  correct, 
shot-firing  on  intakes  is  safer  let  alone.  Saturating  the  air  with  water- 
vapour  is  by  far  the  most  efficacious  plan.  Several  methods  of  doing 
this  have  been  tried  with  more  or  less  complete  success,  such  as  water 
sprays,  either  by  water  alone  under  high  pressure,  or  in  conjunction  with 
compressed  air.  A  very  full  account  of  these  may  be  found  in  the 
Transactions  of  the  South  Wales  Institute  of  Engineers.  * 

Another  plan  was  tried  at  Pochin  by  the  ^^Titer.  It  consisted  in 
carrying  a  coil  of  steam-pipe  round  and  round  the  downcast  shaft, 
provided  with  small  apertures  to  allow  of  the  escape  of  steam.  This 
answered  the  double  purpose  of  raising  the  temperature  of  the  air 
before  sending  it  into  the  mine,  and  of,  at  the  same  time,  saturating 
it  with  moisture.  For  fully  seven  months  of  the  year  these  experiments 
gave  completely  satisfactory  results,  and  dust  became  unknown  in  the  pit; 
what  fell  or  was  blown  from  the  trams  becoming  damp  almost  directly, 

*  Vol.  XV.,  page  267. 
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and  the  gTonnd  everywhere  g'ave  the  sensation  to  the  feet  of  walkinar  on 
tan  or  damp  sawdust.  But  in  the  winter  months  the  au'  could  not  he 
raised  to  the  normal  temperature  of  the  mine  with  the  limited  amount 
of  piping  which  was  in  use,  and  in  consequence  the  steam  either  became 
visible  as  a  disagreeable  cloud,  or  the  first  few  hundred  yards  of  road 
began  to  dry  up,  though  in  a  much  diminished  degree.  None  of  the 
ill  effects  were  felt  which  were  so  generally  apprehended  of  ah-  thus 
warmed  and  saturated,  and  the  temperature  of  the  air  issuing  from  the 
mine  was  never  sensibly  raised,  though  most  careful  records  were  kept. 
When  completely  successful  the  effects  did  not  differ  from  those  connnonly 
felt  in  the  height  of  summer.  These  experiments  were  carried  on  until 
the  writer  left  Wales,  and  he  has  not  since  heard  if  they  were  continued ; 
but  under  certain  conditions  he  feels  perfectly  sure  that  the  system  is  an 
inexpensive  and  certain  remedy  against  dust.  The  objections  to  it  are 
more  apparent  than  real,  yet  while  sure  that  it  is  always  feasible  he  does 
not  think  it  would  l)e  at  all  times  expedient.  It  is  a  different  thing 
bringing  an  intake  up  to  62  degs.,  the  normal  temperature  of  Pochin, 
and,  say,  SO  degs.  to  84  degs.,  the  not  uncommon  case  in  the  deeper 
mines.  Under  the  latter  conditions  both  men  and  horses  would  work 
in  a  very  enervating  atmosphere,  and  water  sprays,  continued  all  the 
way  to  the  actual  faces,  would  be  tlie  only  practical  plan  to  adopt. 

Conclusion. 
In  conclusion,  the  importance  of  the  subject  is  the  wTiter's  only  excuse 
for  bringing  the  matter  to  the  notice  of  the  members  of  this  Institute. 
He  does  not  pretend  to  any  originality  of  idea,  but  simply  relates  actual 
experiences — experiences  dearly  bought  and  carefully  considered;  and 
although  so  far  back  as  1879  he  paid  some  attention  to  the  explosive 
powers  of  coal-dust,  and  though  he  is  indebted  to  Mr.  Galloway,  to  Mr.  H. 
Hall,  to  the  Messrs.  J.  B.  and  W.  N.  Atkinson,  and  to  others,  for  his 
opinions  as  to  the  influence  of  coal-dust  in  colliery  explosions,  yet  he  has  not 
allowed  any  theory  to  lead  him  in  the  present  enquiry.  That  these  constantly 
recurring  explosions,  so  clearly  shown  to  have  originated  on  main  intakes, 
could  only  be  due  to  coal-dust  was  a  conviction  very  gradually  forced 
upon  him,  but  it  was  not  until  after  the  explosion  at  Pochin,  with  its 
almost  unique  simplicity,  that  this  conviction  became  almost  a  certainty. 
Whether  or  not  he  has  succeeded  in  convincing  the  reader  of  the  correct- 
ness of  the  theory  is  after  all  not  of  the  gi'eatest  moment,  the  principal 
point  being  an  endeavour  to  awaken  the  interest  of  the  younger  members 
of  this  Institute,  and  to  elicit  from  those  with  more  experience  their 
criticism  of  the  writer's  views. 
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Mr,  "W.  G-ALLOWAY  wrote  that  he  regarded  Mr.  Stratton's  paper  as 

a  valuable  contribution  to  the  subject  of  the  influence  of  coal-dust  in 

great  colliery  explosions.     In  December,  1875,  after  having  examined  the 

scene  of  the  Llan  Colliery  explosion  in  South  Wales,  he  became  convinced 

that  coal-dust  was,  and  always  had  been,  the  principal  agent  in  great 

colhery  explosions  properly  so-called ;  and  he  had  never  ceased  to  advocate 

that  view  since  then,  notwithstancHng  that  his  opinion  upon  this  point 

was  strenuously  opposed  in  the  Eeport   of   the  Royal  Commission  on 

Accidents  in  Mines  (page  50).     As  Mr.  Stratton's  memory  appeared  to  be 

at  fault  regarding  his  (Mr.   Galloway's)  views  about  the  cause  of  the 

Pocliin  Colliery  explosion,  he  annexed  hereto  a  copy  of  the  pages  of  his 

diary  which  referred  to  it : — 

November  22nd,  1884. 
Went  to  Pochiu  Colliery,  met  W.  T.  Lewis,  A.  Hood,  H.  W.  Martin,  R.  Bedling- 
ton,  H.  Kirkhouse,  Mr.  Stratton,  Mr.  Hamilton,  and  Mr.  Colquhoun.  Inspected 
northern  district  of  workings,  found  coked  coal-dust  everywhere  we  went,  at  and  near 
the  faces,  but  not  in  the  main  headings ;  returned  to  Mr.  Colquhoun's  house,  met 
E.  P.  Martin  there,  and  dined.  The  workings  are  very  dry  and  dusty  everywhere, 
except  in  part  of  one  district  where  there  is  a  little  dampness. 


<!S    W  W     oS 


Via.  1.    Main  Intake  Aib-way. 

I  arrived  at  the  conclusion  that  this  was  a  pure  coal-dust  explosion  caused  by 
the  firing  of  a  shot  in  the  main  intake  air-way,  my  reason  being  that  four  men 
were  found  at  a  distance  of  35  to  50  yards  from  the  point  A,  where  the  two  miners  B 
and  C  should  have  been  at  work ;  that  the  chief  miner  was  thrown  on  his  back  as 
if  he  had  been  looking  towards  the  point  A  aftei-  having  ignited  a  shot,  and  that 
the  others  were  evidently  waiting  behind  him  out  of  the  way  of  tlie  shot;  that  it 
was  rumoured,  although  we  could  get  no  direct  evidence  brought  before  us,  that 
one  man  said  the  chief  miner  of  this  squad  was  looking  for  a  boring  tool  an  hour 
or  so  before  the  event,  and  that  he  was  actually  seen  boring  a  hole  by  one  man 
who  left  the  pit  about  an  hour  before  the  explosion ;  that  there  is  no  other  rational 
way  of  accounting  for  the  accident,  as  all  the  other  men  were  found  at  the  points 
where  they  should  have  been  at  work,  and  all  of  them  were  working  in  soft  ground, 
who  were  working  at  all,  some  stowing  rubbish,  others  lifting  soft  bottom.     . 


November  24th. 

Pochin  Colliery. — Again  visited  the  workings  of  this  colliery  with  H.  W.  Martin. 

Kirkhouse,  Bedlington,  Stratton,  Hamilton,  and  the  overman.     Inspected  tJic  parts 

I  had  not  been  in  on  Saturday,  and  found  coked  coal-dust  everywhere  I  went, 

except  in  part  of  the  mine  where  the  main  hauling  road  is  somewhat  damp,  and 
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in  that  district  we  saw  no  coke,  although  the  overman  toid  us  he  had  seen  it  on 
three  trams  of  coal  in  the  three  uppermost  faces,  which  had  been  subsequently 
removed. 

The  workings  are  divided  into  three  districts  ventilated  by  three  distinct  intake 
and  return  air-ways.  They  are  therefore  three  complete  panels  in  the  meaning  of 
the  8th  General  Rule,  and  in  spite  of  this  the  explosion  has  penetrated  into  the 
face  of  each  of  them,  showing  the  uselessness  of  the  panel  system  for  preventing 
the  spread  of  explosions  in  a  dry  and  dusty  mine  such  as  this  is 

Some  eugiueei-s  gave  evidence  at  the  inquest  and  expressed  the 
conflicting  opinions  attributed  to  them  by  Mr.  Stratton,  but  the  writer's 
evidence  was  not  called  for. 

Fig.  2  was  drawn  by  the  wi-iter  after  the  first  day's  examination 
of  the  workings,  and  was  shown  by  him  to  Mr.  Archibald  Hood  in  the 
train  on  the  way  back  to  Cardiff,     He  thought  that  Mr.  Stratton  was 
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present  at  Mr.  Symond's  office  when  he  expressed  the  opinion  that  a  shot 
had  been  fired  at  the  point  A  (Fig.  4,  Plate  XXII). 

In  the  writer's  paper  to  the  Royal  Society,  in  February,  1876,  in 
which  he  propounded  the  coal-dust  theory  of  great  colliery  explosions,  he 
gave  the  reasons  why  explosions  of  coal-dust  might  be  expected  to  occur 
in  winter  rather  than  in  summer,  having  previously  explained  the  sjime 
thing  at  the  inquest  on  the  Llan  Colliery  explosion,  on  December  22nd, 
1875,  as  shown  by  the  following  extract  from  his  evidence : — 

In  any  speculation  which  may  be  made,  however,  regarding  the  probable  influ- 
ence of  this  agent  in  the  present  case,  the  following  facts  must  be  borne  in  mind : — 
1.  That  for  several  days  preceding  the  accident,  the  temperature  of  the  air  above 
ground  was  very  low.  2.  That  air  which  descends  into  a  mine  at  a  very  low  initial 
temperature  has  a  much  larger  capacity  for  absorbing  moisture  as  it  becomes  heated 
to  the  natural  temperatttre  of  the  workings,  than  air  whose  dew-point  is  already 
equal  to  or  above  that  temperature  before  it  leaves  the  surface.  3.  It  follows  from 
the  last  consideration  that,  when  the  temperature  above  ground  is  very  low,  the 
coal-dust  in  the  mine  must  of  necessity  be  drier  than  when  the  opposite  condition 
prevails. 

Lastly,  the  suggestion  that  steam  might  be  introduced  into  the  intake 
air,  for  the  purpose  of  raising  its  temperature  and  its  dew-point,  was  men- 
tioned by  the  writer  in  a  paper  contributed  to  Nature,  a  year  or  two  before 
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the  experiment  was  tried  at  Pochin  Colliery,  having,  if  he  remembered 
rightly,  been  originally  proposed  by  Mr.  W.  W.  Hood,  of  Llwynypia 
ColUery  He  trusted  that  the  subject  of  great  colliery  explosions  had  now- 
entered  upon  its  final  stage,  and  that  Mr.  Stratton's  paper  would  tend 
to  give  the  coiq)  de  grace  to  a  large  section  of  the  opposition  which  had 
most  unfortunately  retarded  the  general  acceptance  of  the  coal-dust  theory. 

Mr.  H.  Hall  (H.M.  Inspector  of  Mines)  wrote  that  he  had  not  had 
an  opportunity  of  considering  Mr.  Stratton's  paper  carefully,  and  was 
therefore  unable  to  criticize  it  at  length.  So  far  as  his  judgment  went, 
he  thought  that  Mr.  Stratton  hoped  too  much  from  short  partially  damp 
portions  of  the  roads  to  stop  these  coal-dust  explosions.  He  thought  a 
dust  explosion  when  once  set  going  would  be  very  difficult  to  stay.  He 
had  been  driven  to  this  conclusion  by  what  happened  in  his  experiments 
of  a  year  or  two  ago,  in  which  the  flame  travelled  up  pit  shafts  with 
dripping  sides,  and  in  each  case  a  pioneering  cloud  of  dust  travelled  in 
front  of  the  flame,  sufficient,  he  thought,  to  carry  it  over  wet  parts. 
"  Pioneering  "  was  Mr.  W.  C.  Blackett's  word,  and  it  expressed  the  phe- 
nomena of  a  coal-dust  explosion  admirably. 

Mr.  J.  B.  Atkinson  wi-ote  that  Mr.  Stratton's  paper  was  an  important 
contribution  to  the  study  of  the  causes  of  colliery  explosions ;  and  with 
respect  to  the  two  most  recent  of  the  explosions  described,  the  author's 
opinions  must  be  received  with  respect  as  being  those  of  the  person  best 
informed  of  the  whole  circumstances.  The  author  stated  that  when  the 
explosion  happened  at  Seaham,  in  1880,  all  the  refuge  holes  were  being 
examined  and  enlarged  where  thought  necessary.  It  would  be  interesting 
to  know  if  this  enlargement  of  the  refuge-holes  led  to  many  shots  being 
fired  on  the  main  haulage-roads  at  the  time.  Or  was  it  possible  to  do 
much  of  the  work  without  resorting  to  the  use  of  gunpowder  ?  Although 
shot-firing  on  dusty  intake  air-ways  had  often  been  accompanied  by  an 
explosion,  yet  it  could  not  be  disputed  that  many  shots  had  been  fired  on 
such  roads  without  any  explosion  ensuing.  The  author  remarked  with 
regard  to  the  second  theory  (point  B)  as  to  the  Seaham  explosion,  in  1880, 
that  its  supporters  "  further  pointed  out  that  the  Maudlin  engine-plane  was 
more  damaged  than  the  MaudHn  tra veiling- way ;  but  this  was  not  considered 
at  all  clearly  proved  by  the  wi'iter ; "  but  he  afterwards  stated,  "at  Seaham 
the  second  intakes  of  the  Maudhn  and  No.  1  Pit  both  escaped  damage." 
These  two  statements  did  not  agree.  The  author  gave,  in  the  opinion  of 
the  writer,  more  consideration  to  the  first  theory  (point  A)  than  it  deserved. 
If  the  initiation  of  the  explosion  was  to  be  accounted  for  by  an  issue  of 
fire-damp,  surely  a  better  explanation  could  be  given  than  assuming  an 
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outbui'st  of  gas  after  a  fall  of  stone  caused  by  the  explosion  itself  blowing  out 
the  timbers.  The  author  supposed  that  "at  the  point  where  the  explosions 
at  Seaham  ceased,  it  would  be  found  that  saturation  had  been  reached, 
and  that  the  coal-dust  had  begun  to  absorb  moisture  from  the  air." 
And  again  he  said,  "this  leads  to  the  conclusion  that  while  all  shot 
firing  on  intakes  is  necessarily  dangerous,  the  danger  rapidly  increases 
the  nearer  to  the  shaft  the  shots  are  fired.  The  dust  is  drier,  and 
must  be  more  easily  distUled  by  heat."  Xear  the  downcast  shaft  there 
were  two  sources  of  coal-dust,  the  haulage  operations  and  the  air  descend- 
ing the  shaft  carrying  dust  from  the  screens.  The  latter  source  of  dust 
was  not  felt  any  considerable  distance  in-bye.  Xear  the  shaft  the  air- 
curi'ent  was  often  swifter  and  better  able  to  sustain  a  cloud  of  dust  tlu'own 
into  it.  These  conditions,  to  which  might  be  added  the  fact  that  the 
roadway  there  was  older,  and  therefore  perhaps  more  dusty,  might  account 
for  an  increased  danger  in  firing  shots  near  the  shaft ;  the  reason  given 
by  the  author  was  opposed  to  facts.  In  deep  mines  the  temperature  of 
the  au'-cuiTent  in  the  in  the  intake  air-ways  increased  with  the  disttmce 
from  the  do^^^lcast  shaft;  thus  Mr.  Lindsay  "Wood's  table  *  in  the  Report 
of  the  Commissioners  on  Coal,  1871,  gives  the  temperature  of  the  intake 
air  at  Seaham,  in  the  Hutton  Seam,  at  the  bottom  of  the  downcast  shaft,  at 
55^  degs.  Fahr.  dry  l)ull),  and  b'd  degs.  Fahr.  wet  bulb;  at  660  yards  Lu-bye, 
57  degs.  Fahr.  dry  bulb,  and  53^  deg.  Fahr.  wet  bulb;  at  1,850  yards 
in-bye,  67  degs.  Fahr.  dry  bulb,  and  59  degs.  Fahr.  wet  bulb;  and  at  the 
working  face,  2,200  yards  Ln-bye,  78  degs.  Fahr  dry  bulb,  and  67^  degs. 
Fahr.  wet  bulb.  As  the  air  rose  in  temperatm-e  its  dryuig  power  increased, 
unless  it  met  with  moisture,  and  the  air  in  deep  mines  was  drier  near  the 
engine  landings  than  at  the  downcast  shaft.  But  so  long  as  the  air  was 
dry  the  wi'iter  did  not  think  that  an  increased  dryness  would  have  much 
effect  in  increasing  the  danger  of  coal-dust.  With  reference  to  the 
author's  description  of  the  method  employed  at  Pochin  Colliery  for 
saturating  the  air  descending  the  downcast  shaft,  and  at  the  same  time 
raising  its  temperatm'e,  so  that  in  its  course  through  the  mine  it  became 
no  warmer,  and  therefore  no  drier,  and  had  a  damping  effect  throughout, 
the  wTiter  thinks  that  this  method  of  dealing  with  dusty  mines,  which 
was  suggested  l)y  Mr.  W.  X  Atkinson  and  himself  in  Explosions  in 
Coal  Mines,  is  worth  farther  trial.  It  may  not  be  necessary  to  have  a 
mine  constantly  traversed  by  a  warm  siiturated  air-cuiTeut ;  possibly  if  a 
dampness  was  once  satisfactorily  established  it  might  be  kept  up  by  cir- 
culating a  warm  humid  cmi-ent  for  a  limited  portion  of  each  day. 

•  Vol.  ii.,  page  202. 
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Mr.  A.  L.  Steavenson  wholly  agreed  with  Mr.  Stratton,  whose 
paper  was  a  most  excellent  one.  He  was  sorry  to  read  the  evidence  of 
IVlr.  R.  L.  Weeks  before  the  Royal  Commission  on  Explosions  from  Coal- 
dust  in  Mines,  in  which  he  gave  it  as  his  opinion  that  coal-dust  alone 
was  non-explosive.  He  (Mr.  Weeks)  was  speaking  of  his  experience  in 
connexion  with  an  explosion  in  a  coal  hopper,  where  some  lads  were 
burnt  whilst  removing  some  very  fine  coal-dust  which  took  fire  at  an 
open  lamp.  The  glass  windows  in  the  roof  of  the  closed  hopper  were 
slightly  disturbed,  but  he  (Mr.  Weeks)  believed  there  was  no  explosion. 
Mr.  Weeks  had,  in  consequence,  concluded  that  coal-dust  would  not 
cause  an  explosion.  But  this  would  depend  upon  whether  the  coal- 
dust  was  confined  or  not ;  if  the  coal-dust  was  confined  in  a  long  passage 
or  what  amounted  to  the  same  thing,  a  passage  blocked  at  both  ends — 
they  got  the  same  explosive  force  with  an  ignition  of  dust  as  with  an 
ignition  of  gas  and  air.  For  many  years  he  had  held  the  opinion  that 
dust  alone  had  caused  the  Seaham  explosions  on  the  intake  air-ways, 
where  it  clearly  could  not  be  due  to  the  presence  of  gas.  At  Tudhoe,  the 
explosion  was  clearly  proved  to  be  caused  by  dust  alone  ;  and  it  w^as 
extremely  probable  that  the  Hetton  explosion  of  1860  connnencecf  with  an 
explosion  of  carbonic  oxide  and  was  eventually  an  explosion  of  coal-dust. 

Prof.  J.  H.  Merivale  said  that  the  absence  of  coal-dust  at  Seaham, 
"  except  when  tubs  or  trams  were  actually  running,"  appeared  to  be  a 
flaw  in  the  indictment.  There  appeared  to  have  been  so  little  coal-dust 
that  a  casual  observer  would  not  have  noticed  it,  and  the  question  which 
they  ought  to  consider  now  was,  not  whether  coal-dust  would  cause  an 
explosion — as  the  majority  were  satisfied  that  under  certain  conditions 
dust  and  air  would  cause  an  explosion — but  as  to  the  quantity  of  dust 
necessary.  They  had  always  been  led  to  suppose  that  1  lb.  of  dust  in 
300  cubic  feet  of  air  was  about  the  necessary  proportion ;  but  if  the 
explosions  referred  to  in  Mr.  Stratton's  paper  were  caused  by  dust,  the 
quantity  required  must  have  been  very  much  less  than  that. 

Mr.  Wii.  Cochrane  said,  following  up  Prof.  Merivale's  remarks,  that 
the  same  clause  in  Mr.  Stratton's  paper  ended  with  the  words  "  yet  the 
writer  now  believes  that  this  extremely  fine  dust  is  more  dangerous  by 
far  than  the  coarser  cloud  which  might  accidentally  be  raised  by  the 
shuffling  of  a  man's  feet  while  walking ;"  he  beUeved  that  the  ^^Tite^  then 
only  referred  to  the  ordinary  amount  of  dust  met  with  in  every  pit.  When 
he  (Mr.  Cochrane)  and  the  late  Prof.  Marreco  made  their  early  ex})eriments 
on  explosions  of  coal-dust  (w^hich  had  frequently  been  referred  to  in  the 
Transactions  of  this  Institute  and  elsewhere)  they  could  not  get  an  explo- 
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sion  with  the  ordinary  dust  collected  in  the  Brockwell  Seam  at  Elswdck 
Colliery.  The  only  way  in  which  they  could  get  an  explosion,  and  this 
was  without  a  possibility  of  the  presence  of  gas  (for  the  experiments  were 
conducted  in  the  laboratory  of  the  Durham  College  of  Science),  was  by 
collecting  the  dust  from  the  upper  surface  of  the  timbers  in  the  Elswiek 
heapstead  ;  this  was  of  the  very  finest  character.  When  collected  in  this 
way  and  dried  upon  the  boilers  the  dust  was  found  to  be  explosive.  No 
doubt  the  condition  of  the  dust,  in  the  cases  under  consideration,  was 
sunilar.  To  put  steam  into  the  downcast  shaft  might  be  well  where  there 
was  an  excessive  amount  of  ventilation,  but  it  was  beginning  at  the 
wrong  end  to  heat  the  downcast  air  and  to  impede,  however  sHghtly, 
the  natural  ventilation. 

Mr.  C.  R.  Barrett  said  the  dust  at  Seaham  would  be  similar  to  that 
collected  by  Mr.  Cochrane  from  the  Elswiek  ColUery  screens.  The  place 
where  the  shots  were  fired  at  Seaham  was  about  150  yards  from  No.  1  Pit 
bottom  ;  and,  owing  to  the  screens  being  close  to  the  pit,  a  quantity  of  dust 
went  down  the  pit.  There  was  some  timber,  though  not  much,  near 
the  place  where  the  shot  was  fired,  and  this  had  always  been  covered 
with  the  finest  dust. 

Prof.  Merivale  asked  if  it  would  be  possible  to  measure  the  quantity 
of  dust  in  the  air  of  Seaham  or  any  of  the  dusty  collieries  ? 

Mr.  Saville  Shaw  said  there  would  not  be  the  shghtest  difficulty  in 
weighing  the  quantity  of  dust  in  a  given  voliune  of  air,  by  drawing  the 
air  through  glass  wool,  which  could  then  be  weighed. 

'My.  W.  C.  Blackett  said  the  quantity  of  dust  in  the  ordinary  air- 
current  of  a  colliery  such  as  Seaham  was  not  of  the  shghtest  importance  so 
far  as  carrying  or  originating  a  coal-dust  explosion  Avas  concerned.  He 
thought  it  was  conclusively  proved  that  it  must  be  nearly  so  dense  that 
they  could  not  see  through  it,  and  he  thought  they  were  mistaking 
Mr.  Stratton's  meaning  in  supposing  that  he  meant  to  say  that  the  dust 
in  an  ordinary  coUiery  air-cuiTent  was  dangerous.  He  understood  that 
Mr.  Stratton  meant  that  if  that  kind  of  dust  existed  in  sufficiently  large 
quantities  it  was  the  most  dangerous  kind  of  dust  to  be  found  in  a  mine ; 
and  that  no  doubt  was  so.  He  was  of  opinion  that  the  dust  found  in  an 
ordinary  air-current  in  a  mine  was  not  dangerous. 

Prof.  Merivale  said  he  did  not  wish  to  commit  Mr.  Stratton  who  was 
not  present,  he  believed,  however,  from  a  conversation  he  had  with  him 
a  short  time  ago,  that  his  contention  was  that  a  small  quantity  of  dust 
was  dangerous,  and  that  it  did  not  require  to  be  so  dense  that  they  could 
not  see  through  it. 
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The  Peesident  asked  Mr.  Steavenson  how  he  accounted  for  the  fact 
that  no  dust  explosion  had  happened  in  collieries  where  the  presence  of 
gas  was  unknown  ? 

Mr.  A.  L.  Steavenson  replied  that  Tudhoe  was  a  colliery  where  gas  was 
unknown.     The  danger  of  dust  was  entirely  dependent  upon  its  fineness. 

Mr.  Henry  "White  said  he  believed  that  gas  had  frequently  been  seen 
in  Tudlioe  Colliery  previous  to  the  explosion,  and  he  had  found  gas  in  the 
workings  when  exploring  after  the  explosion. 

Mr.  A.  L.  Steavenson  said  that  no  gas  was  found  at  Tudhoe  after 
the  explosion.  This  explosion  was  found  to  have  occurred  on  the  main 
intake  air-way.  At  the  shaft  bottom  the  onsetter  saw  the  flame  come  past 
him,  and  if  the  flame  was  not  produced  by  coal-dust,  where  did  it  come  from  ? 

Mr.  G.  E.  Markham  asked  how  it  happened  if  dust  was  explosive  that 
they  did  not  have  explosions  more  frequently  in  the  main  air-Avays,  where 
the  sets  of  tubs  ran  at  high  speed,  producing  clouds  of  dust,  with  open 
lights  placed  in  front  at  various  heights  ? 

Mr.  A.  L.  Steavenson  suggested  that  as  soon  as  coal-dust  became 
ignited  the  gas  in  the  dust  would  be  released,  and  the  gas  and  the  dust 
exploded  together. 

Mr.  Markham  asked  if  any  of  the  members  knew  of  an  explosion  of 
dust  occurring  at  a  furnace  ? 

The  President  said  the  discussion  would  now  be  adjourned.  He 
proposed  a  vote  of  thanks  to  Mr.  Stratton  for  his  paper,  which  would 
prove  very  useful  to  the  members.  They  expected  some  valualjle  infonna- 
tion  by  and  by  from  the  reports  of  the  Royal  Commission  on  Coal-dust, 
which  would  add  very  materially  to  their  knowledge  of  the  subject.  In 
the  meantime,  they  must  ward  off  these  explosions  as  best  they  could. 

Mr.  W.  Cochrane  seconded  the  vote  of  thanks,  which  was  carried 
unanimously. 


Mr.  M.  Walton  Brown  read  the  following  paper  on  "  The  Rateau 
Ventilator": — 
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THE  RATEAU  VENTILATOR. 


By  M.  WALTON  BROWN. 


The  Rateau  ventilator  is  designed  so  that  the  air  may  pass  through  it 
at  a  high  speed  and  without  interruption. 

The  principal  parts  of  the  Rateau  ventilator  are  the  blades  or  vanes, 
which  communicate  motion  to  the  air  in  the  required  direction,  and  the 
diffuser,  which  utilizes  the  power  in  the  air  on  leaving  the  blades  of  the  fan. 

Figs.  1  and  2  (Plate  XXV.)  are  transverse  and  longitudinal  sections  of 
a  Rateau  ventilator,  and  Figs.  3  and  4  show  the  construction  of  the 
blades. 

The  fan-body  A  is  constructed  of  the  shape  shown  in  Fig.  2,  the 
surface  a  b  being  attached  to  the  boss  B,  which  is  fixed  upon  the  end  of 
the  driving  shaft  C.  The  vanes  or  blades  D  D,  of  special  fonn  and  thirty 
in  number,  are  fixed  to  the  fan-body  A.  Each  blade  D  has  four  edges  : — 
one  edge  a  b  is  attached  to  the  fan-body  A  ;  another  b  c  forms  a  portion  of 
the  periphery  of  the  fan-wheel ;  a  third  c  d  moves  in  close  proximity  to  the 
casing  E,  which  is  a  continuation  of  the  conical-shaped  inlet  drift  ij ;  and 
a  fourth  a  d  moving  in  the  vicinity  of  the  actual  inlet  F  to  the  fan. 

The  air  enters  the  fan  at  the  edges  adoi  the  blades  D  D,  and  passes 
out  at  the  edges  be.  Between  these  edges  of  the  blades  the  air  passes 
between  the  fan-body  A  and  the  fan-casing  E,  whose  curves  are  so 
adjusted  that  the  relative  speed  of  the  air  between  the  blades  D  D  remains 
nearly  constant. 

In  the  construction  of  the  blades  (Fig.  4)  an  arc  of  a  circle  c  e  drawn 
in  a  plane  perpendicular  to  the  axis  of  the  fan  has  two  motions,  i.e.,  it 
slides  along  and  turns  around  the  axis,  so  that  its  plane  is  always  normal 
to  the  axis,  and  the  point  x  remains  on  the  axis,  and,  finally,  the  point  c 
describes  the  arc  of  a  curve  &\  r^,  and  /^  upon  the  periphery  of  the  fan- 
wheel.  At  the  fan-body  A,  the  blade  is  very  shghtly  inclined,  but  at 
the  inlet  F  it  is  inclined  at  an  angle  of  about  45  degs.,  so  that  the  air 
enters  between  the  blades  without  shock. 

The  arc  re  (Fig.  3)  has  its  centre  at  CO,  which,  if  continued,  would 
not  pass  through  the  axis  ./-,  but  is  connected  to  this  centre  l)y  the  straight 
line  e  x.  Fig.  4  shows  the  development  of  a  l)lade  on  a  plane  passing 
through  a  diameter. 
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The  radius  of  the  arc  re  \s  varied  aecordiiio-  to  the  purpose  to  which 
the  ventilator  is  to  be  applied.  Where  ]art>e  volumes  are  re(iuired  at  a 
low  water-gauge,  the  radius  is  (as  in  the  fan  iUustrated)  2  feet  5-92  inches. 
"Where  small  volumes  are  produced  under  a  high  water-gauge  the  radius 
would  be  2  feet  0*41  inch.  These  radii  being  38  and  31  per  cent,  of  the 
diameters  of  the  fan  respectively.  The  blade  is  attached  to  the  fan-body 
by  its  longest  edge,  and  is  very  rigid  owing  to  its  curved  shape.  It  is 
claimed  that  the  air  enters  without  shock  into  the  inlet  F  and  is  ejected  at 
the  i^eriphery  at  the  highest  possible  speed,  as  the  vane  D  is  curved  in 
front  at  an  angle  of  about  4.5  degs.,  more  or  less,  according  to  circum- 
stances. 

The  fan-body  A  is  attached  to  the  end  of  the  shaft  C  by  means  of  a 
conical  socket  G. 

A  conical  sheet-iron  cap  Jc  I  covers  the  end  of  the  shaft  C,  and  guides 
the  air  before  its  entry  into  the  inlet  F.  The  air  is  also  guided  by  the 
conical-shaped  inlet  / ;'  placed  in  front  of  the  actual  inlet  F. 

The  diffuser  is  composed  of  three  parts,  i.e.,  the  flat  spiral  diffuser 
H  H  fonned  of  two  parallel  plates  surrounding  the  periphery  of  the  fan, 
and  of  a  screw  or  spiral  whose  height  increases  from  the  beginning  of 
the  diffuser  to  the  1)ase  of  the  expanding  chimney ;  the  diffuser  I  I  whose 
square  sections  and  areas  increase  in  proportion  as  the  spiral  diffuser 
increases  in  height ;  and  the  square  expanding  chimney  J,  which  com- 
pletes the  diffusion  of  the  air  into  the  atmosphere. 

The  object  of  the  combination  of  the  flat  spiral  diffuser  with  the 
enlarged  part  is  to  effect  the  almost  complete  utilization  of  the  energy 
in  the  air  before  it  enters  the  expanding  chimney,  and  to  prevent  the 
shock  of  the  air  (leaving  the  fan)  upon  that  being  diffused. 

The  height  of  the  flat  spiral  diffuser  increases  with  the  length  of  the 
winding  arc.  The  areas  of  the  diffuser  increase  according  to  a  parabolic 
law,  and  the  area  at  the  end  is  nearly  three  times  greater  than  if  there 
had  been  no  interposed  flat  spiral  diffuser. 

The  ventilator  shown  in  Figs.  1  and  2,  Plate  XXV.,  is  intended  to 
give  large  volumes  at  a  low  water-gauge.  Where  a  fan  is  required  to 
produce  a  high  water-gauge  it  must  be  turned  at  a  high  speed,  and  then 
it  is  advisable  to  reduce  the  output  by  diminishing  the  width  of  the 
periphery  of  the  fan-blades.  This  is  effected  by  lessening  the  distance 
between  the  edges  a  h  and  cd  oi  the  fan-body  A  and  of  the  casing  E, 
against  which  the  blades  D  rotate.  The  height  of  the  blades  will  there- 
fore be  reduced  as  well  as  the  surface  exposed  to  the  passage  of  the  air. 

The  fact  that  this  fan  has  only  one  inlet  facilitates  the  erection 
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and  removal  of  the  fan,  and  the  complete  freeing  of  its  orifice.  It  is 
claimed  to  be  a  better  arrangement  than  the  double  inlet,  which  neces- 
sitates the  use  of  a  long  shaft  liable  to  flexure. 

The  blades  are  formed  of  steel  sheets,  shaped  in  a  press,  and  their 
special  curved  shape  has  the  effect  of  greatly  increasing  the  exhausting 
power  of  the  fan. 

The  diflfuser  is  huilt  partly  in  masonry  and  partly  in  cast-iron. 

The  Rateau  fan  at  the  Aubin  Colliery,  Cransac,  Aveyron,  is  driven 

by  a  belt  which  appears  preferable  to  direct  action  of  the  motor  upon 

the  fan,  as  there  is  thus  greater  elasticity.     The  dimensions  of  the  fan 

are  as  follows  :  — 

Extreme  diameter  6  feet     6-74  inches. 

Width  of  rim  of  the  fan 0    ,,       6-29      ,. 

Diameter  of  the  inlet      3     ,,     11-24      „ 

Area  of  the  inlet 11-41  square  feet. 

Area  at  top  of  expanding  chimney       ...  ...  40-90  „ 

Diimeter  of  the  pulley ...         3  feet  3'37  inches. 

Volume  produced  by  the  blades  ...         ...         26-587  cubic  feet. 

The  following  experiments  were  made  on  June  26th,  1891,  under 
the  direction  of  Mr.  de  Castelnau.  Each  experiment  lasted  three  minutes. 
The  area  of  the  inlet  of  air  was  varied  with  the  aid  of  a  door  placed 
almost  in  the  middle  of  the  air-drift.  This  door,  strongly  built  of  wood, 
had  an  opening  of  3  feet  11  "24  inches  by  3  feet  11*24  inches,  which  was 
sufficient  to  enable  the  orifice  to  be  varied  up  to  18*5  square  feet.  The 
area  was  progressively  reduced  by  the  aid  of  planks,  4-feet  3-inches  long, 
placed  against  the  sides  of  the  frame. 

The  number  of  revolutions  of  the  fan  was  counted  with  a  Deschiens 
counter  by  two  observations  of  one  minute  in  each  experiment,  and 
the  diflPerences  between  the  two  observations  never  exceeded  2  revolu- 
tions. It  was  assumed  that  the  belt  did  not  shp,  and  that  the  ratio 
of  the  number  of  revolutions  of  the  fan  to  that  of  the  engine  was  con- 
stantly as  1*83  :  1. 

The  water-gauges  were  taken  at  the  end  of  the  air-drift  in  a  part 
having  an  area  of  30*14  square  feet,  and  where  the  velocity  of  the  air- 
current  was  somewhat  low.     The  readings  were  made  within  0*02  inches. 

The  volume  of  air  was  measured  at  the  top  of  the  chimney,  where 
a  scaffolding  was  erected  about  3  feet  below  the  top  for  the  use  of 
the  observers.  The  square  opening  of  the  chimney  (6  feet  4*77  inches 
on  each  side)  was  divided  by  fine  iron  wires  stretched  horizontally  into 
thirty-six  small  squares  (12*8  inches  on  each  side).  A  Casartelli  anemo- 
meter was  used,  placed  for  5  seconds  in  the  centre  of  each  of  the  small 
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squares.  Two  anemometers  were  simultaneously  employed  in  the  hands 
of  two  observers.  The  readings  of  the  two  anemometers  were  generally 
within  1  per  cent.,  and  the  greatest  difference  did  not  exceed  3*5  per 
cent. 

The  temperature  of  the  air,  the  atmospheric  pressure,  and  its  hygro- 
metric  condition  were  recorded  at  the  commencement  and  end  of  the 
series  of  experiments. 

Two  diagrams  were  taken  with  a  Richard  indicator  with  a  ^nd 
spring  during  each  experiment.  The  engine  was  erected  by  Messrs. 
Bietrix  &  Co.,  the  cylinder  being  12"79-inches  diameter  and  stroke  of 
19*69  inches.  The  mean  piston*  area  was  126*33  square  inches  after 
deducting  the  area  of  the  piston  rod. 

The  results  of  the  experiments  are  shown  in  the  following  table : — 


Num- 
ber of 
Experi- 
ment. 

Number  of    j 

Revolutions    '   Water-Gauges. 
per  Minute. 

Velocity  of  Air 

in  Feet 

per  Minute. 

Volume 

of 

Air  in 

Cubic 

Feet 

per 

Minute. 

Equiva- 
lent 
Orifice 
of  Mine 

in 
Square 
Feet. 

(*) 

0. 
5-4 

8-0 

8-2 
10-7 
13-2 
15-6 
17-2 
18-5 

Horse- 
Power 
in  the 
Air. 

(5) 

Indi- 
cated 
Horse- 
Power. 

Mechan- 
ical 
Effici- 
ency. 

(") 

Of 
Fan. 

Of  En- 
gine. 

Ob- 
served. 

Cor- 
rected. 

No.  1 
Anem'r. 

No.  2 
Anem'r. 

1 

2 

3(') 

4 

5 

6 

7 

8 

N. 
290 

276 

215 

23.-) 

212 

196 

187 

184 

N'. 
158 

151 

117 

128 

116 

107 

102 

100 

H. 

3-828 

4065 
2-500 
3-346 
2-795 
2-303 
1-969 
1-850 

H'. 

3-809 

3-996 

2-470 

3-268 

2-697(3) 

2-194 

1-850 

1-732 

v. 

679 
1,012 

824 
1,242 
1,393 
1,502 
1,522 
1,.563 

v. 

1,043 
839 
1,240 
1,397 
1,476 
1,480 
1,566 

Q. 

27,771 
42,025 
34,008 
50,757 
57,056 
60,900 
61,391 
63,988 

t. 
16-67 
26-46 
13-23 
26-13 
24-25 
21-05 
17-89 
17-46 

T. 
29-59 

37-28 

21-80 

36-29 

37-67 

36-78 

36-78 

37-28 

-563 
•709 
•606 
•720 
•643 
•572 
•486 
•468 

Temperature  of  the  air,  88°  to  91°  Fahr.     Barometer,  29-173  inches.     Weather, 
warm  and  dry.     Pressure  of  steam  at  the  engine,  about  50  pounds. 

'  The  third  experiment  was  made  upon  the  same  equivalent  orifice  as  the  preceding  one,  and  was  the 
only  one  in  which  the  ciit-oflE  was  altered. 

^  This  column  contains  the  water-gauges  diminished  by  the  height  h  corresponding  to  the  difference  of 
the  kinetic  energy  of  the  current  of  air  before  its  entry  into  the  fan  and  after  its  exit  from  the  expanding 
chimney.    These  corrected  depressions  have  been  used  in  the  calculation  of  the  equivalent  orifices  an 
the  useful  effects. 

•'  This  experiment  only  lasted  175  seconds. 


Calculated  by  the  formula  O  =  000038 


VH 


^  ,     ,  .    ,  ,      .     ,  ,  Q  X  H'  X  5  2 

Calculated  by  the  formula  t  =  —  3s  000  ^   ' 

The  ratio  of  ( to  T,  comprising  consequently  the  losses  by  friction  in  the  engine  and  in  the  fan. 
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Mr.  A.  L.  Steayexsox  asked  ^Tr.  M.  Walton  Brown  if  he  was 
resjionsible  for  the  results  of  the  exj^eriments  recorded  in  the  jumper? 

Mr.  Walton  Browx  said  he  was  not, 

Mr.  Steavenson  remarked  that  he  would  have  liked  them  better  if 
he  had  been. 

Mr.  Wm.  Cochrane  said  it  was  diflRcnlt  to  understand  the  construc- 
tion of  this  ventilator  without  a  model.  The  paper  said  that  it  was 
"  desiii-ned  so  that  the  air  may  pass  throu«'h  it  at  a  hi<>-h  &\->iibd  and  without 
interruption,"  but  it  appeared  to  him  that  it  could  not  well  have  been 
armuged  so  as  to  comi^licate  to  a  greater. extent  the  passage  of  air,  and  if 
there  was  any  virtue  in  the  fan  he  thought  it  was  due  to  the  adoption  of 
the  evasee  chimney,  introduced  by  ^Mr.  Guibal,  and  which  he  (Mr. 
Cochi-ane)  had  always  advocated. 

Mr.  A.  L.  Steavenson  said  if  they  struck  out  experiments  Nos.  2  and 
4,  which  gave  the  highest  efficiencies,  the  remainder  apjieared  fairly 
equable.  But  as  there  were  differences  in  the  circumstances,  they  should 
have  time  to  consider  the  figures  before  discussing  them  further. 

Mr.  Wm.  Cochrane  asked  if  he  was  right  in  understanding  that  the 
complication  of  blades  was  revolving  solid  with  the  fan  itself  ? 

Mr.  M.  Walton  Brown  replied  that  the  blades  were  attached  by  one 
edge  to  the  fan-body. 

Mr.  W.  Cochrane  submitted  that  the  spiral  form  of  the  space  between 
the  fan  and  its  casing  was  objectionable,  as  the  air  discharged  into  such 
a  chamber  was  not  maintained  at  the  full  velocity  imparted  to  it  when  it 
left  the  tips  of  the  blades. 

The  President  moved  a  vote  of  thanks  to  Mr.  M.. Walton  Brown  for 
brino-ing'the  paper  before  them,  and  said  that  the  present  discussion  woidd 
be  adjourned. 

This  was  agreed  to. 


The  Secretary  read  the  following  paper  by  Mr.  G.  J.  Binns  "  On 
Lio-htning  in  New  Zealand  Mines"; — 
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OS  LIfiHTXING  m  NEW  ZEALAND  MIXES. 


By  GEOEGE  J.  BINNS. 


The  writer  begs  to  offer  the  following  notes  as  an  addition  to  the 
literature  on  this  subject : — 

I. — At  the  United  Alpine  Quartz  Mine,  situated  near  the  Township 
of  Lyell,  and  about  2,000  feet  above  the  sea-level,  in  the  midst  of  the 
dense  forest  which  covers  this  portion  of  the  South  Island  of  New  Zealand, 
there  was,  on  the  31st  August,  1885,  a  very  severe  thunderstorm.  The 
manager,  Mr.  Martin  Conradsen,  who  was  outside  the  adit-level  at  the 
time,  states  that  he  saw  a  flash  of  light  strike  the  flat-sheets,  and  at  the 
same  moment  the  saw  in  the  hand  of  a  carpenter  appeared  to  become  a 
sheet  of  flame:  he  immediately  dropped  it.  In  the  main  drive,  which 
was  excessively  wet,  and  laid  along  its  whole  length  of  1,500  feet  with 
14-lb.  iron  rails,  spiked  in  and  not  tish-plated,  were  two  truckers  and  a 
horse ;  both  the  former  received  shocks,  and  the  latter  was  knocked  down 
on  to  his  knees.  At  a  distance  of  1,700  feet  from  the  entrance  to  the  mine, 
and  about  70  feet  above  the  level,  quite  away  from  any  metallic  connec- 
tions, were  two  men  who  stated  that  they  had  felt  a  shock  as  if  they  had 
been  hit. 

11. — The  effects  of  the  same  storm  were  felt  at  the  Koranui  Coal 
Mine,  near  Westport.  This  coUiery,  which  has  since  been  abandoned, 
was  2,500  feet  above  the  sea,  surrounded  by  trees  about  40  feet  in  height, 
with  a  dense  undergrowth,  and  connected  with  the  railway  at  the  foot  of 
the  mountain  by  a  series  of  five  endless-rope  inclines,  laid  with  14-lb.  to 
18-lb.  rails,  and  having  3-inch  circumference  steel  ropes.  In  addition 
to  this  was  a  double  telephone  wire,  connecting  with  the  five  stations. 
No  lightning  conductors  were  employed.  Mr.  Jemison,  the  manager, 
informed  the  writer  that  on  the  date  referred  to  he  was  in  the  mine  at  a 
distance  of  5(50  feet  from  the  level-mouth  when  he  "  heard  a  noise  like 
a  gunshot;"  saw  a  "  very  bright  light  which  he  could  have  read  by,  which 
lasted  several  seconds  and  which  appeared  to  pass  by."  At  the  same  place 
were  two  men,  both  of  whom  felt  a  severe  shock,  which  "  seemed  to  rush 
up  them,  and  a  lifting  sensation  was  felt."  The  rails  in  the  mine  were  steel, 
and  14  lbs.  per  yard  ;  the  road  was  not  fish-plated ;  there  was  a  flat-sheet 
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where  the  men  were  standing,  and  between  them  and  the  sm'face  ran  a 
signal  wire  and  a  steel  rops,  the  latter  passing  at  the  in-bye  end  round  an 
arrangement  of  three  2-feet  pulley  wheels.  This  portion  of  the  mine 
was  somewhat  wet. 

The  influence  of  the  discharge  was  felt  by  aU  the  men  below  ground, 
approximately  fifty  in  number,  who  thought  that  an  explosion  had  occuiTed; 
the  area  occupied  by  them  was  about  six  acres. 

Dm'ing  the  stoiTQ  a  pony  about  14  hands  in  height,  standing  outside 
the  mine,  was  knocked  down,  and  Mr.  Jemison  who  stood  near,  felt  the 
force  of  the  shock  and  found  that  the  hair  on  his  forehead  was  singed. 
On  the  surface  incline  aU  the  five  brakesmen  were  considerably  affected, 
and  at  the  signal  stations  the  copper  wire  was  broken  and  fuzed  and  the 
telephones  deranged.  It  was  subsequently  found  imjwssible  to  maintain 
a  system  of  electric  signals.    No  explosive  gas  was  ever  found  in  the  mine. 

III. — On  the  same  date,  at  the  Banbury  Coal  Mine,  Ixjlonging  to  the 
"Westport  Coal  Company,  Limited,  which  is  about  a  mile  from  the  Koranui 
]\Iine,  and  separated  by  a  very  deep  valley,  two  men  came  out  during  the 
thunderstorm  and  complained  that  they  had  been  fired  at.  There  was  at  the 
time  a  serious  laboiu:  disturbance,  and  the  men  were  at  work  in  defiance  of 
the  union.  The  impression  produced  upon  them  was  one  of  extreme  terror, 
and  though  it  was  a  wet  night,  they  ran  home  without  stopping  to  put  on 
their  clothes.  Their  work-place  was  about  600  feet  fi'om  the  nearest 
outlet,  of  which  many  existed,  as  the  coal-field  is  bounded  by  a  vertical 
cliff,  round  which  the  outcrop  extends,  and  to  which  adits  have  been 
frequently  driven  for  piu-poses  of  ventilation.  The  road  was  laid  with 
14-lb.  rails,  not  fish-plated,  and  no  other  conductor  was  available.  On 
the  same  day,  at  a  point  2,000  feet  distant  and  400  feet  from  another 
outlet,  the  metallic  conductors  being  similar,  a  turn-rail  was  thrown  out 
and  the  sleeper  charred.  Dirt  was  thrown  up  with  violence  from  the 
floor  against  the  roof,  and  a  hanging  lamp  was  broken. 

Endless-chain  haulage  was  in  use  at  the  time,  but  not  up  to  the  places 
mentioned,  and  it  was  not  at  all  an  uncommon  thing  dining  stoims  for 
the  boys  to  receive  shocks  whUe  handling  the  tubs.  The  mine  is  situated 
2,000  feet  above  the  sea,  is  worked  level-free,  and  there  is  no  gas. 

The  area  of  the  storm  was  considerable,  but  the  difficulty  of  collecting 
information,  and  the  paucity  of  settlement  in  this  portion  of  the  colony 
rendered  it  not  easy  of  exact  definition. 

At  the  Bealey  telegraph  and  meteorological  station,  however,  about 
100  miles  from  the  centre  of  the  district  occupied  by  the  above-mentioned 
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mines,  and  2,140  feet  above  sea -level,  the  disturbance  was  carefully  noted 
by  Mr.  Eyan,  the  telegraph  operator  and  meteorological  observer,  whose 
observations  may  be  best  given  in  his  own  language. 

"  On  Monday,  the  31st  August,  1885,  at  10'45  a.m.,  I  was  away  from 
the  office,  in  another  room,  having  left  on  account  of  the  storm,  when  a 
blaze  of  fire  seemed  to  come  over  the  place,  and  sparks  appeared  to  die 
away  in  a  comer.  No  damage  was  done  here,  but  on  proceeding  to  the 
operating  room,  I  found  it  on  fire  in  several  places.  The  current  appeared 
to  have  entered  the  office,  having  broken  the  wires  at  the  last  post,  and  had 
fractured  the  leading-in  wires,  melting  the  gutta  percha  and  copper  and 
scattering  red-hot  pieces  of  the  latter  about.  It  then  passed  to  earth. 
A  noise  like  the  firing  of  cannon  was  heard,  about  simultaneously  with 
the  ordinary  peal  of  thunder.  A  tclegi'aph  pole  22  feet  high,  can-ying 
two  wires  on  insulators  and  fitted  with  a  lightning  conductor  was,  at  a 
distance  of  250  to  300  yards  from  the  office,  considerably  shattered,  the 
top  being  taken  off  for  a  length  of  3  feet." 

IV. — On  the  21st  May,  1885,  the  Banbury  Coal  Mine  was  previously 
the  scene  of  electrical  disturbances.  The  manager,  Mr.  Thos.  Brown,  who 
is  a  member  of  this  Institute,  wrote  as  follows : — "  I  enclose  names  of 
workmen  who  were  struck  with  electric  fluid.  On  the  date  mentioned 
the  district  was  visited  by  the  most  severe  thunderstonn  I  have  witnessed 
in  New  Zealand.  The  lightning  entered  the  mine  frequently.  The  boys, 
who  were  hanging  the  tubs  on  and  taking  off  the  chain-slings,  received 
shock  after  shock,  until  they  were  afraid  to  go  near  the  rope.  Mr. 
Cameron,  the  underground  manager,  then  started  to  put  on  the  slings, 
but  after  getting  a  few  sharp  shocks  he  considered  it  unsafe  to  continue 
work ;  the  mine  was  therefore  stopped  for  the  remainder  of  the  day." 


The  President  moved  that  the  discussion  of  this  paper  be  adjourned. 
They  had  previously  had  communications  on  the  same  subject,  and 
this  would  be  an  addition  to  the  information  at  present  in  the  Trans- 
actions. He  moved  a  vote  of  thanks  to  Mr.  Binns  for  his  paper,  which 
was  agreed  to. 


The  following  "  Notes  upon  the  Mines  in  the  Argentine  Kepublic, 
South  America,"  by  Mr.  H.  D.  Hoskold,  were  read : — 
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NOTES  UPON  THE  MINES  IN  THE  ARGENTINE  REPUBLIC, 
SOUTH  AMERICA. 


By  H.  D.  HOSKOLD. 


IXTRODUCTIOX. 

It  would  be  difficult  to  concentrate  within  the  limits  of  this  paper 
such  a  detailed  account  of  all  the  mines,  mining  resources,  metallurgy, 
geology,  and  other  collateral  and  important  matters  connected  therewith 
in  this  Republic,  as  conld  be  considered  to  be  exhaustive,  and  as  would 
fairly  represent  and  do  justice  to  the  subject.  It  is  therefore  proposed  to 
take  a  cursory  view,  leaving  a  more  general  account  to  be  dealt  with  in 
futm-e  papers. 

The  elevated  regions  of  the  Andes  and  the  various  groups  of  parallel 
mountains  on  the  eastern  and  western  flanks  from  the  Equator  to  the 
extreme  south  of  the  Republic,  or  Cape  Horn,  are  known  to  be  more  or 
less  metalliferous,  and  mining  operations  have  been  carried  on  in  various 
districts  in  those  regions — as,  for  example,  in  Peru,  Mexico,  Bolivia,  Chili, 
and  the  Argentine  Republic — from  very  remote  periods. 

There  is  ample  evidence  that  distinct  and  independent  tribes  of 
aborigines  existed  in  different  parts  of  South  America  long  before  the  time 
of  the  Aztecs  and  Incas ;  but  those  nations  worked  the  gold  and  silver 
veins  prior  to  and  up  to  the  time  of  the  Spanish  conquest,  as  has  been 
proved  by  the  discovery  of  extensive  workings  in  some  of  the  ancient 
mines,  and  the  curious  instruments  and  rude  mining  implements  found  in 
them. 

The  second  great  period  of  mining  may  very  properly  be  considered  to 
have  commenced  and  ended  with  the  Spanish  dominion  in  South  America, 
and,  according  to  the  most  authentic  data  attainable,  great  mineral  riches 
were  extracted  from  the  gold,  silver,  and  copper  mines  during  that  epoch. 
The  Jesuit  missionaries  commanded  the  labour  of  a  numerous  body  of 
Indians,  and  they  were  occupied  in  working  the  mines  for  a  considerable 
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period  of  time.  The  belief  in  the  immense  wealth  thus  said  to  have  been 
amassed  by  working  the  South  American  mines  produced  a  great  im- 
pression upon  the  Court  of  Spain,  so  much  so,  that  for  some  unaccount- 
able caprice,  and  according  to  an  old  document  which  the  wiiter  discovered 
in  Spain  in  1879,  the  king  appears  to  have  closed  all  the  gold  and  silver 
mines  in  Spain  from  the  year  1778  to  1789. 

Without  entering  into  precise  geographical  details,  the  Argentine 
RepubUc  may  be  said  to  extend  from  the  southern  frontier  of  Bolivia,  or 
the  parallel  of  21  degs.  25  mins.  to  that  of  55  degs.  3  mins.  south  latitude, 
thus  occupying  an  arc  of  the  meridian  of  33  degs.  38  mins.  It  has  a 
triangular  form,  and  in  1869  the  National  Congress  accepted  the  census 
area  at  1,619,322  square  miles,  but  in  1888  the  National  Goveriunent 
Statistical  Office  estimated  the  area  at  1,117,563  square  miles.  Adopting 
the  latter  as  approximately  correct,  the  Argentine  Republic  appears  to 
extend  over  an  area  13'32  times  greater  than  Great  Britain. 

Soon  after  the  independence  of  the  country  was  established  two  kinds 
of  government  were  instituted  in  the  then  newly-formed  Republic,  i.e.,  the 
National  or  Federal  and  the  Provincial,  but  at  that  period  the  former  did 
not  possess  any  territory  proper,  because  all  the  land  obtained  by  the 
Spaniards  from  the  conquered  Indians  was  divided  into  provinces,  and 
afterwards  vested  by  right  in  the  Provincial  Governments,  each  province 
being  independent  of  the  other.  Since  that  period,  however,  the  National 
or  Federal  Government  has  taken  from  other  tribes  of  Indians  immense 
tracts  of  land  of  greater  value  and  extending  over  a  larger  area  than  that 
of  all  the  provinces.  The  national  territory  is  divided  into  what  are  known 
as  gobernaciones,  each  having  a  governor  named  by  the  National  Govern- 
ment, and  approved  and  appointed  by  the  National  Congress. 

In  the  provincial  territory  there  are  nine  mining  provinces,  as  may  be 
seen  on  the  accompanying  map  (Plate  XXVI.),  i.e.,  Cordova,  San  Luis, 
San  Juan,  Mendoza,  La  Rioja,  Cataniarca,  Tucuman,  Salta,  and  Jujuy, 
the  aggregate  area  of  which  amounts  to  319,109  square  miles. 

In  the  National  Government  territory  there  are  seven  mining  gober- 
naciones, i.e.,  Pampa  Central,  Neuquen,  Rio  Negro,  Chubut,  Santa  Cruz, 
Tierra  del  Fuego,  and  Misioues,  with  an  aggregate  area  of  411,387  square 
miles,  or  about  4*78  times  larger  than  Great  Britain.  The  mining 
provinces  are,  however,  only  3'8  times  larger  than  Great  Britain. 

The  relative  position  of  the  National  Governments  and  the  provinces 
are  represented  on  the  map  of  the  Republic  (Plate  XXVI.).  According 
to  an  article  of  the  Federal  Constitution  defining  the  rights  of  the  Republic, 
the  mines  in  Provincial  territory  belong  to  the  Provincial  Governments, 
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and  those  in  the  National  territory  to  the  Xational  Governments.  The 
latter,  however,  have  reserved  the  right  to  frame  all  laws,  including  the 
mining  laws,  for  the  entire  Republic,  and  to  inspect  the  mines  in  Pro- 
vincial territory. 

Mining  Laws. 

Matters  are  conducted  very  differently  in  South  America  from  what  they 
are  in  Europe,  and  consequently,  to  speak  metaphorically,  the  cart  is 
always  placed  before  the  horse.  All  the  laws  in  this  Republic  are  to  be 
found  in  codes,  and  thus  it  has  been  customary  to  provide  a  code  of 
mining  laws  to  meet  cases  which  have  not  as  yet  arisen  in  practice,  or 
which  probably  may  never  arise,  resulting  in  much  confusion  and  im- 
pediment to  a  proper  development  of  the  mines,  at  least  according  to  the 
system  of  engineering  known  and  practised  in  Europe. 

The  old  Spanish  law,  known  as  Ordenanzas  de  Mejico,  formulated 
some  time  prior  to  the  year  1771,  was  doubtless  well  adapted  to  the  con- 
ditions of  mining  at  that  period.  However,  these  laws  were  adopted  all 
through  South  America,  and  continued  in  force  in  this  country  until  May, 
1887,  when  a  new  codigo  of  mines  was  introduced ;  but,  for  the  reasons 
previously  assigned,  it  is  found  to  be  very  defective,  and  there  is  a  project 
for  its  refonnation  before  the  National  Congress. 

On  the  whole  the  projected  codigo  is  much  inferior  to  its  predecessors, 
simply  Ijecause  this  important  class  of  work  of  reforming  the  mining  laws 
had  fallen  into  the  hands  of  native  persons  incapable  of  appreciating  the 
mining,  mining  rules,  and  laws  of  Euro})e,  especially  those  of  England,  or 
of  determining  the  class  of  legal  dispositions  required  to  advance  the 
mining  interest,  and  to  meet  the  present  and  future  mining  conditions  of 
the  country  and  foreign  customs. 

It  is  in  a  high  degree  painful  to  observe  that  the  mining  code  of  this 
country  contains  dispositions  of  a  legal  and  technical  nature  completely 
at  variance  with  well-established  engineering,  scientific,  and  equitable 
principles. 

The  legal  area  of  a  concession  or  pertenencia  of  a  metalliferous  mine 
is  300  by  300  metres,  but  the  width  of  the  mine  may  be  less,  depending 
upon  the  amount  of  the  angle  of  inclination  of  the  mineral  vein.  Each 
coal  mine  has  an  area  of  180,000  square  metres,  or  44:'48  acres;  an  iron 
mine  has  an  area  of  120,000  square  metres,  or  29*65  acres;  a  pertenencia 
of  gold  washing  has  an  area  of  100,000  square  metres,  or  24*71  acres;  and 
nitrate  and  borax  mines  have  each  an  area  of  1,000,000  square  metres, 
or  247*1  acres. 
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In  the  provinces  applications  for  mining  concessions  are  sometimes 
made  to  the  ministers  of  finance,  or  to  some  other  official  called  judge  or 
deputy  of  mines.  For  the  National  teiTitories  the  application  for  a 
mining  concession  is  made  to  the  Director  of  the  ISTational  Department  of 
Mines  and  Geology,  constituting  the  legal  mining  authority  of  the 
National  Government  in  Buenos  Ayres. 

In  the  provinces  there  exist  about  2,000  concessions  of  mines  of  aU 
classes,  and  since  1886  about  1,500  concessions  have  been  applied  for  in 
National  territory,  and  although  mining  has  been  carried  on  in  the  pro- 
vinces for  a  considerable  period  of  time  there  are  still  but  very  few 
mines  working ;  on  the  contraiy,  much  attention  is  being  directed  to 
the  mining  districts  in  National  territories. 

Province  op  La  Rioja. 
One  of  the  principal  and  best  known  copper-mining  districts  in  the 
provinces  is  situated  at  an  altitude  of  at  least  17,000  feet  above  the  level 
of  the  sea,  in  the  mountain  region  called  Mejicana,  being  part  of  the 
celebrated  Famatiua  chain  in  the  province  of  La  Rioja,  The  veins 
contain  the  usual  classes  of  copper,  such  as  carbonate,  sulphides,  and 
oxides,  mixed  together  in  variable  proportions.  The  blue  and  green 
carbonates,  however,  decrease,  and  the  sulphides  increase  in  proportion  to 
the  depth  attained.  At  100  yards  in  depth  the  class  of  copper  ore  known 
as  enargite  predominates,  mixed  with  copper  and  iron  pji'ites,  the  enargite 
caiTying  silver  and  the  pyrites  gold.  A  new  class  of  copper  ore  called 
famatiuita  is  also  mixed  in  the  general  mass,  but  in  a  small  proportion  ; 
however,  it  sometimes  raises  the  quantity  of  copper  to  more  than  40  per 
cent.  It  is  very  difficult  to  procure  pure  specimens  of  famatinita.  The 
following  analyses,  Nos.  1,  2,  and  3,  exhibit  the  elements  contained  in 
enaraite  : — 


No.  1. 

No.  2. 

No.  3. 

Elements. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Copper        

-kC-^'J 

47-10 

48-10 

Arsenic       

14-88 

16-90 

17-04 

Antimony 

2-24 

1-54 

1-89 

Iron            

2-50 

1-76 

1-19 

Lead           

3-20 

0-99 

0-50 

Sulphur      

29-20 

30-80 

31-00 

Residue 

1-49 

0-85 

0-28 

100-00 

100-00 

100-00 

Analyses  of  samples  of  famatinita  as  pm-e  as  could  be  procured  give 
the  following  results  ; — 
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No.  4. 

No.  5. 

No.  6. 

Elements. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Copper       

43-84 

44-04 

44-87 

Arsenic       

4-01 

3-40 

2-98 

Antimony 

23-10 

22-91 

23-65 

Sulphur      

29-05 

29-6.5 
100-00 

28-55 

100-00 

10000 

The  principal  difference  between  enarg-ite  and  famatinita  is  that  the 
latter  contains  more  antuuony  and  less  arsenic  than  the  former  withont 
iron  or  lead.  As  previously  noted  the  proportions  of  the  different  classes 
of  copper  ore  forming  the  body  of  the  veins  are  very  variable,  Isecause 
the  crude  basic  elements  of  no  value  are  unequally  disseminated,  and  this 
naturally  affects  the  percentage  yield  of  metal  to  be  extracted.  The 
preceding  analyses  do  not  represent  the  average  percentage  yield  obtained 
from  a  large  bulk  of  ore. 

In  this  district  work  has  chiefly  been  carried  on  in  the  Upulungos, 
Verdiona,  San  Pedro,  and  Placilla  mines,  but  considering  that  the  only 
mode  of  transporting  the  ore  is  by  pack  mules  for  a  two  and  a  half 
days'  journey  to  the  lower  levels,  no  very  large  quantity  of  ore  in  the 
English  sense  of  the  term  has  been  continuously  extracted. 

Some  of  the  copper  ore  veins  in  this  district  have  a  maximum  thick- 
ness of  48  inches,  in  parts,  varying  to  a  minimum  of  8  inches,  but  the 
average  in  the  proved  mines  may  probably  be  taken  at  from  18  to  26 
inches,  with  some  exceptions.  In  the  Upulungos  mine  the  principal  vein 
of  ore  runs  in  a  south-westerly  and  north-easterly  direction,  dipping  at  an 
angle  of  inclination  of  70  degs.  towards  the  north-west.  The  ore  is  cari'ied 
from  a  perpendicular  depth  of  3:^0  feet  to  the  surface  upon  boys'  backs, 
although  every  facility  exists  for  the  formation  of  galleries  from  the  side 
of  the  mountains  which  would  intersect  the  veins  at  a  great  depth. 

The  following  results  were  obtained  from  the  treatment  of  a  considerable 
bulk  of  ore  : — 

No.  7. 

Copper         15-00  per  cent. 

vSilver  ...         ...         ...         70-08  ounces  per  ton. 

Gold  1-28        ,, 

with  variations.     The  average  ol)tained  from  l)37*o  tons  of  crude  copper 
mineral  is  as  follows: — 

No.  8. 

Copper         ...         ...         ...         15-455  per  cent. 

Silver  ...         ...         ...         66-24  ounces  per  ton. 

Gold  l-S6'J 
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Occasionally,  however,  the  gold  is  higher,  yielding  from  1'40  to  1*62 
ounces  per  ton  of  crude  ore,  but,  as  in  the  case  of  the  silver,  this  depends 
upon  the  mode  of  selecting  and  mixing  the  ore  at  the  mine  and  at  the 
establishment  of  extraction.  All  the  other  mines  proved  in  this  district 
have  yielded  more  or  less  similar  results. 

Another  series  of  veins  or  lodes  of  copper  and  iron  pyrites  in  a  quartz 
base  are  sometimes  found  running  parallel  with  and  crossing  the  principal 
veins,  and  they  have  been  found  to  be  very  rich  in  gold,  so  much  so  that 
small  pockets  of  nuggets  of  native  gold  could  be  seen  in  the  samples, 
but  such  leads  of  mineral  are  not  constant,  or  they  have  l)een  contorted 
or  lost  in  some  part  of  the  mines. 

A  large  number  of  cop^Der  mines  are  distributed  in  the  various  mining 
districts  of  the  province  of  La  Rioja,  but  they  have  not  received  much 
attention,  consequently  their  commercial  value  is  not  so  well  known. 

The  chief  silver  mines  in  this  province  are  situated  at  an  altitude  of 
from  10,000  to  14,000  feet  al)ove  the  level  of  the  sea  in  the  mountain 
districts  of  Cerro  Negro,  Tigre,  Caldera  Yieja,  Caldera  Nueva,  and 
other  places.  The  usual  classes  of  silver  ores,  so  well  known  throughout 
South  America,  exist  in  the  districts  indicated,  such  as  native,  sulphide, 
chloride,  Ijromide,  iodide,  chloro-bromide,  antimonide,  and  arsenide  of 
silver  ;  polybasite  also  occurs,  etc.  All  these  are  disseminated  in  various 
proportions  in  the  mass.  The  old  German  rhyme  holds  good  in  this 
district,  i.e.,  "  For  a  mine  to  be  rich  and  fat,  it  must  have  an  iron  hat." 

The  diagram  section  of  the  Cerro  Negro  district  (Plate  XXVII.), 
exhibits  various  lines  of  well-known  veins  of  sih'er  ores,  some  of  which 
cross  each  other  at  vai'ious  points.  On  account  of  the  precipitous  and 
broken  nature  of  the  ground,  spirit-level  operations  for  section  have  not 
yet  l)een  attempted.  The  altitudes  al)ove  sea -level  drawn  on  the  section 
were  estimated  barometrically,  but  as  obsers'ers  disagree  in  their  deter- 
minations, the  heights  are  only  to  be  considered  as  approximately  correct. 
The  galleries  marked  upon  the  diagram  show  how  the  mineral  veins  could 
be  intersected  and  worked  at  considerable  depths. 

Nearly  all  the  sdver  veins  consist  at  the  surface  of  a  ferruginous  mass 
mixed  with  a  small  proportion  of  quartz,  baryta,  and  earthy  matter,  but 
the  iron  diminishes,  and  the  quartz  increases  in  proportion  to  the  depth 
attained.  The  principal  silver  ore  veins  run  in  an  easterly  and  westerly 
direction,  but  many  important  veins  exist  crossing  one  another  in  various 
du'ectious.     The  thickness  of  the  veins  varies  considerably. 

The  following  analysis  made  of  a  sample  of  silver  ore  from  a  mine 
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in  the  CeiTo  Negro  district,  in  the  year  1881,  exhibits  some  curious 

featui'es : — 

No.  9. 

Per  Cent. 

Silver            26-85 

Gold Traces. 

Iron 13-80 

Zinc 3-60 

Nickel          ...         3-20 

Cobalt           1-30 

Lead  ...         ...         ...         ...         ...         ...  0-35 

Antimony     ...         ...         ...         ...         ...  0-30 

Arsenic         9-70 

Oxides  of  manganese         ...         ...         ...  13-80 

Copper         Traces. 

Sulphur         2-30 

Alumina       ...         ...  O'SO 

Magnesia      ...         ...         ...         ...         ...  1*20 

Lime 0-20 

Chlorine       ...         ...         ...         ...         ...  Traces. 

Silica,  insoluble  matter     ...         ...         ...  2. .50 

Oxygen,  water,  and  loss    ...         ...         ...  20-10 


100-00 


Previous  to  the  date  mentioned,  it  was  not  known  that  nickel  and 
cobalt  existed  in  the  silver  ores  of  these  districts,  neither  can  the 
writer  find  any  mention  of  it  in  the  catalogues  of  minerals  and  other 
mineralogical  literature  of  South  America. 

Frequently  the  quartz  forming  the  matrix  of  the  silver-ore  veins 
at  a  considerable  depth  presents  only  a  mere  indication  of  the  presence  of 
silver,  in  the  form  of  a  few  black  specks  of  sulphide  dotted  about ;  but 
these  exist  in  various  proportions  in  different  parts  of  the  vein,  yielding 
from  a  very  low  to  a  very  high  percentage  of  sil\"er.  The  quartz  or 
matrix  forming  the  general  mass  of  the  vein  is  sometimes  almost  entirely 
displaced  by  a  mass  of  native  silver,  assaying  up  to  60  per  cent,  of  metal. 

Eecently  the  writer  purchased  two  large  samples  of  this  class  of 
native  silver  for  the  museum  of  the  National  Department  of  Mines  and 
Greology,  and  these  were  found  by  assay  to  contain  87' 12  per  cent,  of 
metal.  Such  native  silver  in  masses  generally  occurs  at  the  intersection 
of  other  cross  veins,  but  it  does  not  extend  in  this  form  for  any  gi'eat 
distance  in  any  given  du'ectiou,  although  it  may  occur  at  many  points  in 
the  same  mine.  An  opinion  formed  from  the  aspect  of  a  mine  under 
either  of  the  conditions  indicated  would  be  largely  erroneous,  because  for 
such  an  object  the  yielding  capacity  of  the  mine  over  a  considerable 
period  of  time  should  be  known. 
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For-  this  reason,  therefore,  foreign  reporting  engineers  have  sometimes 
formed  ill-founded  conclusions. 

One  of  the  silver  mines  most  worked  in  the  Cerro  Negro  district  is 
the  Peregrina,  but  the  workings  have  not  been  carried  on  in  a  continuous 
manner.  The  chief  vein  runs  north  47  degs.  west,  and  in  the  reverse 
direction  with  variations,  and  it  has  been  followed  to  a  considerable 
depth.  The  average  percentage  yield  of  the  ore  extracted  from  this 
mine  (from  1873  to  1881  inclusive)  is  represented  in  the  following 
table : — 


No.  10. 


Year. 

1873* 

1874 

1875 

1876 

1877 


Yield. 
Per  Cent 

Year. 

Yield. 
Per  Cent. 

4  to  12 

1878 

1-649 

2-503 

1879 

2-724 

2-939 

1880 

2-023 

2-536 

1881    

2-128 

2-078 

1882 

1-800 

Taking  into  account  the  weight  of  ore  con'esponding  to  each  per- 
centage, the  general  average  for  the  preceding  nine  years  was  at  the  rate 
of  2*481  per  cent,  of  silver  from  the  whole  body  of  the  vein. 

The  San  Pedro  del  Puerto  mine,  situated  in  the  same  locality,  has 
been  worked  to  a  pei-pendicular  depth  of  410  feet,  and  has  yielded 
silver  at  the  following;  rates : — 


Minimum 
Class  No.  ] ,  from  0-29 


No.  11. 

Mean. 


Minimum.  Mean.  Maximum. 

No.  ] ,  from  0-29  per  cent,  to  0-60  per  cent,  and  0*90  per  cent. 
No.  2,     „      1-05        „  „  1-34 


No.  3, 


2-04 


1-95 
7-16 


Taking,  however,  the  proportion  of  -weight  of  ore  corresponding  to 
each  class,  the  average  percentage  yield  was  at  the  rate  of  I'OOO  per 
cent,  of  silver.  More  recently,  however,  the  average  has  been  at  the  rate 
of  1"5  per  cent,  of  silver. 

The  produce  from  the  Puerto  mine,  also  in  the  same  locality,  has  been 
at  the  rate  of  2"005  per  cent,  of  silver. 

In  the  Tigre  mineral  district,  the  San  Miguel  silver  mine  is  one  of  the 
most  important,  and  it  has  been  worked  to  a  considerable  depth.  From 
1877  to  the  end  of  1882  the  average  production  amounted  to  1*362  per 
cent,  of  silver.  Other  mines  in  the  same  district  have  also  been  worked 
upon  a  small  scale  with  similar  results. 


*  Average,  4-436  per  cent 
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In  the  Calclera  miuiug  district  some  of  the  principal  silver  mines  have 
yielded  at  the  rate  of  from  1-133  per  cent,  to  ViGl  per  cent,  and  1-586 
per  cent.,  and  sometimes  as  high  as  1*716  per  cent,  of  silver  for  the  whole 
body  of  the  vein. 

During  the  first  period  of  the  civil  wars  which  raged  so  furiously  in 
this  country,  some  of  the  sQver  mines  in  the  Cen-o  Negro,  such  as  Viuda 
and  Santo  Domingo,  are  reported  to  have  yielded  fabulous  quantities  of 
silver,  but  during  that  period  there  were  organized  bands  of  lawless 
mountaiueei"s,  or  bandits,  who  neither  respected  life  or  property,  but  who 
were  always  on  the  lookout  to  rob,  and  frequently  managed  to  take  away 
the  gretiter  portion  of  the  rich  si'ver  ore  which  had  been  extracted 
from  the  mines  refeiTed  to.  It  has  been  estimated  by  the  owners  of  these 
mines,  and  other  old  and  respectable  pei-sons  capable  of  judging,  that  the 
bandits  robbed  from  the  Santo  Domingo  mine  ores  of  the  value  of 
£30,000.  From  that  period  this  mine  has  been  worked  but  little  by  its 
proprietors;  but  even  with  the  small  amount  of  capital  devoted  to  its 
exploitation  it  always  yielded  good  results.  It  is  not  now  being  worked, 
but  it  is  nevertheless  jealously  guarded  by  the  owner. 

In  1<S89  the  writer  directed  his  attention  to  the  unusual  physical 
appearance  of  certain  very  rich  samples  of  native  silver  of  a  reddish 
colour  forming  part  of  his  collection,  and  this  led  to  an  analysis,  the 
results  of  which  are  as  foUows : — 

No.  12. 

Per  Cent. 

Silver  ii2-22 

Zinc 6-60 

Nickel  12-58 

Iron 8-40 

Manganese ...         ...         ...  0"79 

Arsenic         ...         ...         ...         ...         ...  23-4<> 

Sulphur        1.3-04 

Insoluble  matter     ...         ...  ...         ...  2-(i0 

Oxygen,  water,  and  loss...  0-31 


100-00 


Some  native  mineralogists  have  thought  that  this  curious  mineral 
belonged  to  the  nickel-glance  family,  in  which  jDart  of  the  nickel  has  been 
replaced  by  iron,  but  the  writer  could  not  confirm  this  theory. 

The  following  analyses,  Xo.  13  and  No.  14,  represent  the  elements  of 
two  well-known  varieties  of  nickel-glance,  No.  14  being  denominated 
amoibite,  a  variety  of  gersdorffite  : — 
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No.  13. 

No.  14. 

Per  Cent. 

Per  Cent 

:-59-40 

45-3'l 

16-91 

14-00 

28-62 

37-.S4 

12-19 

2-.50 

2-88 

Traces 

— 

0-82 

100-00 

100-00 

Arsenic 
Sulphur 
Nickel  .. 
Iron 
Cobalt  .. 
Lead    .. 


However,  neither  of  these  varieties  contain  silver,  No.  14  contains  lead, 
which  is  absent  in  No.  13,  a  sufficient  difference  to  entitle  it  to  receive 
a  different  name. 

Considering  that  the  difference  in  No.  12  assay  is  more  marked  and  that 
it  also  contains  silver,  also  that  the  writer  has  failed  to  find  any  record  of  a 
mineral  containing  similar  elements,  he  has  followed  the  Grennan  rule  and 
framed  a  compound  name  to  represent  it,  or,  "  argentarsenickel,"  making 
it  depend  upon  its  principal  numerical  components,  i.e.,  in  the  order  and 
value  of  the  three  principal  elements  in  the  analysis.  It  appears  to  be  a 
very  rare  mineral,  and  is  somewhat  different  from  the  subject  of  analysis 
No.  9,  in  which  nickel  and  cobalt  also  occur,  and  which,  so  far  as  the 
"^Titer  is  aware,  is  only  found  in  the  silver  districts  of  the  province  of 
La  Rioja. 

In  1845  a  mine  called  Solitaria  was  discovered  at  Jagiie,  near 
Vinchina,  in  the  province  of  La  Rioja,  the  mineral  of  which  contained 
40  per  cent,  of  nickel,  but  it  was  of  the  class  known  as  copper-nickel,  and 
very  different  from  the  class  refeiTed  to  in  the  analyses  No.  9  and  No.  12. 
The  vein  of  mineral  in  the  Solitaria  mine,  however,  ceased  at  a  few  feet 
in  depth. 

fn  the  year  1870  a  law  was  passed  by  the  National  Government  offer- 
ing a  premium  of  25,000  dollars  for  the  discovery  of  a  coal-field  which 
could  compete  in  Buenos  Ayres  with  the  coal  introduced  from  Europe. 
In  1887  the  Government  appointed  a  commission,  the  writer  being 
president,  to  consider  the  various  applications  for  the  premium;  but 
although  there  were  several  presentations  there  was  only  one  legal  claimant 
for  the  discovery  of  coal  at  Paganzo,  in  the  province  of  La  Rioja.  The 
evidence  of  the  existence  of  the  coal-field  being  unsatisfactory,  the  commis- 
sion recommended  the  National  Government  to  order  the  company  to 
prove  by  borings  whether  a  sufficient  quantity  of  coal  existed  or  not. 

Within  the  last  two  years  four  borings  have  been  made,  but  only  very 
thin  bands  of  bituminous  shale  were  discovered. 

The  claim  for  the  premium  was  instituted  at  the  instigation  of  a 
German   mathematical  professor   in   the   University    of    Cordova,   who 
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reported  that  there  not  only  existed  coal  siifl&cient  for  the  use  of  the 
Republic  for  an  indefinite  period,  but  for  the  whole  world  as  well. 
The  analyses  of  the  bituminous  shale  are  as  follows : — 


No.  15. 

No.  16. 

No.  17. 

No.  18. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent 

Water    

100        . 

2-00        . 

2-00       . 

1-882 

Carbon  

18-24        . 

..       31-00       . 

..       30-90       . 

.       41-562 

Ash        

32-58        . 

..       36-64       . 

..       37-00       . 

.       31-640 

Volatile  matter 

48-18       . 

..       30-36 

..       30-10       . 

..       24-916 

100-00 

100-00 

100-00 

100-000 

Samples  of  lignite  were  also  presented  to  the  commission  by  the  same 
claimant  from  Paganzo,  but  although  it  was  of  a  good  quality,  no  large 
quantity  has  been  discovered  up  to  the  present  time.     Analyses  Nos.  19 

and  20  represent  it. 

No.  19.  No.  20. 

Per  Cent.  Per  Cent. 

7-38 

65-34 

4-74 

22-54 


Water            

8-85 

Carbon 

65-30 

Ash 

1-70 

Volatile  matter 

24-15 

100-00 


100-00 


The  accompanying  plan  (Plate  XXVIII.)  shows  where  the  four  borings 
were  made  at  Paganzo,  and  the  following  sections  show  the  nature  of  the 
strata  passed  through.  It  may  morever  be  observed  that  the  borings  were 
made  too  close  together. 


No,  1  Boring,  in  1888,  55  yabds  West  feom  the  Bkackebtjsch  Shaft. 


Description  of  Strata. 

Grayel 

Drift      

White  sandstone 
Soft  shale 
Red  shale 
White  soft  shale 
Clay  shale 
Sand  shale 
Clay  shale 
Sand  shale 
Sandstone 

Slate      

Shale     

Soap  stone 
Sand  shale 
Soap  stone 
Sand  shale 
Sandstone 
Slate      


Thickness 
of 
Strata. 
Feet. 
...      11      . 
...     22     . 
...       4     . 
...       3     . 
...       4     . 
...       3     . 
...       4     , 
...     11     , 
...       5 
...     10 
...       6 
...       2 
...       2 
...       3 
...       3 
...       4 
...       5 
...       4 


Depth 

from 

Surface. 

Feet. 

11 

33 

37 

40 

44 

47 

51 

62 

67 

77 

83 

85 

87 

90 

93 

97 
102 
106 
108 


Description  of  Strata. 

Sandstone 

Slate      

Sandstone 
Sand  shale 
Sandstone 
Sand  shale 

Slate      

Sandstone 
Sand  shale 

Slate      

Sandstone   (conglomer 

ate)    ... 
Sandstone  (red  rock)  .., 
Sand  shale 
Sandstone 

Shale 

Red  sandstone ... 
Granite 


Thickness 

of 

Strata. 

Feet. 

5 

Depth 
from 

Surface. 
Feet. 
113 

.        1      .. 

114 

.       9     .. 

123 

.       7     .. 

130 

.       5     .. 

135 

.       4     .. 

139 

2 

.     141 

.     10     .. 

.     151 

.       6     .. 

.     157 

.       4     .. 

.     161 

24 

16 

7 

6 

6 

30 
10 


185 
201 
208 
214 
220 
250 
260 
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No.  2  Boeing,  in  1888,  55  yards  West  prom  No.  1  Boring. 


Description  of  Strata. 


Gravel 

Red  sandstone 

Red  paint  rock 
Red  sandstone... 
Red  paint  rock 
Red  sandstone... 
Red  paint  rock 
White  sandstone 

Red  sandstone 

Red  paint  rock 

Red  sandstone 

Red  paint  rock 
Red  sandstone... 
Red  sand  shale 
Red  sandstone ... 
Red  volcanic  rock 
Volcanic  rock  ... 
Volcanic   rock   (light 

coloured)      

Black  slate       , 

Brown  slate 

Sand  shale       

Black  slate 

Sandstone        

Sandstone   (conglomer 

ate) , 

Slate     


Thickness 
of 
Strata. 
Feet. 
..     13 
..     47 
..       3 
..       7 
..     16 
..     12 
..     12 
..       2 


4 

14 
5 

10 
29 
20 
85 
20 


17 
6 
4 

12 

13 
2 


Depth 

from 

Surface. 

Feet. 

13 

60 

63 

70 

86 

98 
110 
112 
120 
124 
138 
143 
153 
182 
202 
287 
307 

313 
321 
338 
344 
348 
360 

373 
375 


Description  of  Strata. 

Sandstone    (conglomer- 
ate)     

Black  slate       ...    •    ... 

Sandstone    (conglomer- 
ate)   ...         

Soft  shale         

Sandstone 

Slate      

Conglomerate  ... 

Sandstone 

White  sandstone 

Slate 

White  sandstone 

Soap  stone 

Sandstone 

Slate      

Sandstone 

Slate      

Sandstone        

Coal  partings  (slate 
white) 

Cap  rock  

Coal  lyartlngs  (slate 
white)  

Sandstone        

Coal  jiartings  (slate 
white)  

Sandstone         


Thickness 

of 

Strata. 

Feet. 

3  .. 

4  .. 


12 
6 

10 
4 
7 

13 
4 
3 
5 
4 

36 
2 

18 

2 

21 

4 
2 


No.  3  Boring,  in  1888,  110  yards  West  from  No.  2  Boring. 


Description  of  Strata, 


Doby  ... 
Gravel  ... 
Red  sandstone 
Red  slate 
Red  sandstone 
Red  slate 
Shale     ... 


Thickness 

of 

Strata. 

Feet. 

..      18      . 

Depth 

from 

Surface. 

Feet. 

..        18 

..     23     . 

..       41 

..  389     . 

..     430 

..  226     . 

..     656 

..     10     . 

..     666 

..       7     . 

..     673 

.,     40     . 

..     713 

Description  of  Strata. 

Red  slate 

Red  shale 

Red  granite 

Blue  shale 

Red  sandstone... 

Red  shale 

Red  sandstone... 


Thickness 
of 
Strata. 
Feet. 
...       7 
...     65 
...       4 
...       1 
...     10 
...       8 
...  150 


Depth 

from 

Surface. 

Feet. 

378 
382 

394 
400 
410 
414 
421 
434 
438 
441 
446 
4.50 
486 
488 
506 
508 
529 

533 
535 

539 

546 

549 
555 


Depth 

from 
Surface. 
Feet. 
720 
785 
789 
790 
800 
808 
958 


It  has  been  stated  by  the  professor  previously  referi'ed  to  that  the 
rocks  at  Paganzo,  in  which  the  thin  bands  of  bituminous  shale  occur, 
belong  to  the  Rh^tic  formation,  but  there  is  no  characteristic  fossil 
evidence  of  this ;  besides,  it  reposes  upon  a  granitic  base. 

Province  of  Catamarca. 

The  principal  copper-mining  regions  in  the  province  of  Catamarca  are 
situated  in  the  elevated  mountains  of  Capillitas,  in  the  north-eastern,  and 
the  Hoyada,  situated  in  the  north-western  part,  of  the  province.  The 
mines  in  the  former  have  been  worked  to  a  considerable  extent,  but 
although  those  of  the  latter  have  produced  very  rich  ore,  still  they 
have  been  more  or  less  neglected  on  account  of  the  difficulties  of 
transport. 
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The  Kestauradora  mine,  in  the  mountains  of  the  Capillitas  district, 
has  been  worked  in  a  systematic  manner  by  means  of  a  series  of  galleries 
at  different  levels,  to  a  perpendicular  depth  of  1,000  feet,  and  has 
continued  to  yield  ore  for  a  period  of  27  years.  The  ore  consists  of 
srrey  copper  and 'oxides  mixed  with  pyrites  and  other  classes,  and  large 
samples  have  yielded  by  assay  according  to  the  rates  exhibited  in  the 
following  table  of  analysis  : — 

Xo.  21. 


Classes  of 
Ore. 

Percentage 
of  Copper, 

Percentage 
of  Silver. 

Percentage 
of  Gold. 

1 
2 
3 
I 

27-7 
17-7 

18-4 

17-5 

0-1050 
0-0810 
0-0885 
0-1055 

0-0015 
0-0015 
0-0020 
0-0025 

Average 

20-325      1      0OJI50 

0-01)1875 

On  one  occasion  a  large  Siimple  of  130  tons  of  ore  yielded  at  the 
rate  of  20*9  per  cent,  of  copper.  There  is  a  more  particular  analysis  in 
the  section  in  this  paper  devoted  to  metallurgy. 

Other  mines  in  the  same  district,  such  as  the  Santa  Clara,  Grande,  and 
others,  have  produced  oxides,  sulphides,  and  carbonates  mixed  together  in 
various  proportions.  A  parcel  of  25  tons  from  the  former  mine  yielded  at 
the  rate  of  31*10  per  cent,  of  copper,  0'56  percent,  of  silver,  and  another, 
32  per  cent,  of  copper,  0'047  per  cent,  of  silver,  and  0*0012  per  cent,  of 
gold.  This  parcel  was  obtained  from  the  Grande  mine.  Various  other 
mines  have  been  worked  in  this  district,  but  those  previously  refen'ed  to 
may  be  taken  as  a  general  type  of  all  the  rest. 

A  large  number  of  copper  mines  are  distributed  through  various  other 
districts,  but  their  commercial  value  is  not  so  well  kno\vn. 

A  sample  of  ore  reported  to  have  been  obtained  from  one  of  the 
mines  in  the  Hoyada  district  yielded  the  following  elements  by  analysis: — 

No.  22. 


Gold 

Silver 

Copper 

Zinc 

Iron 

Lead 

Antimony... 

Arsenic 

Sulphur    ... 

Quartz 


Per  Cent. 
U-U32 

0-568 

11-493 

0-540 

0-600 

0-024 

1-296 

7-137 

8-100 

70-210 


100-000 
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This  curious  ore  yielded  at  the  rate  of  10'45  ounces  of  gold,  183"55 
ounces  of  silver,  and  irJ:9  per  cent,  of  copper  per  ton.  It  is  of  a  dark 
grey  colour,  excessively  hard,  anl  up  to  the  present  the  class  to  which  it 
belongs  has  not  been  determined.  Other  samples  obtained  from  the  same 
district  have  assayed  as  in  No.  23  and  Xo.  24,  but  in  this  form  the  ore 
is  not  common  in  the  Argentine  Republic. 

No.  23.  No.  24. 

Per  Cent.  Per  Cent. 

Silver ...         2-375  ...         0-677 

Copper  42-399  ...  39844 

Lead 1-146  ...         0-389 

Zinc 0-010  ...  — 

Iroa      10-000  ...         2-100 

Sulphur  13-241  ...         9-462 

Sulphate  of  zinc         ...         ...         ...         ...         S-037  ...  — 

Insoluble  matter       ...       1.5-110  ...  44-000 

Water  in  combination,  oxygen,  and  loss  ...         7-682  ...         3-528 


100-000  100-000 


Province  of  Salta. 

The  province  of  Salta,  situated  in  the  northern  portion  of  the  Republic 
is  noted  for  its  copper  mines ;  one  of  these,  the  Chacabuco,  has  yielded  a 
considerable  quantity  of  grey  copper  ore  containing  silver.  An  assay 
of  samples  yielded  at  the  rate  of  48  per  cent,  of  copper  and  0*1 08  per 
cent,  of  silver.  The  mine  has  been  worked  for  several  years,  but  not 
continuously. 

A  very  ancient  and  important  copper-mining  district  in  this  province 
is  known  by  the  name  of  San  Antonio  de  los  Cobres.  The  veins  of 
ore  contain  grey  copper  mixed  with  iron  and  copper  pyrites  carrying 
gold  and  silver.  It  is  not  usual,  however,  in  this  country  to  find  gold 
disseminated  in  grey  copper  ore.  Samples  of  ore  from  this  district  have 
yielded  at  the  rate  of  40  per  cent,  of  copper,  0*57  per  cent,  of  silver, 
with  0-1763  ounces  of  gold  per  ton.  A  variable  percentage  of  lead  also 
exists  in  this  class  of  ore. 

It  has  been  reported  that  the  veins  of  ore  in  this  district  vary 
from  ^-inch  to  48-inches  in  thickness. 

Various  mines  of  galena,  bismuth,  and  antimony  exist  in  this  province, 
also  a  valuable  and  extensive  deposit  of  borax  of  excellent  quality,  but 
these  are  situated  at  a  considerable  distance  from  the  main  trunk  railway. 
The  following  analysis  represents  the  elements  contained  in  the  borax  : — 
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No.  25. 

Per  Cent. 

Water         33-78 

Sand            5*05 

Oxides  of  iron       039 

Lime           12-81 

Magnesia 0-32 

Carbon        7-38 

Carbonic  acid       0-02 

Sulphuric  acid      0-26 

Chlorine 0-46 

Boracic  acid         39-53 


100-00 


Province  of  Jujdt. 

There  are  a  large  niunber  of  galena  mines  in  the  province  of  Jujuy, 
and  some  of  these  yield  paying  quantities  of  silver.  There  are  also  mines 
of  copper,  and  quartz-lodes  carrying  gold,  and  although  a  company  has 
been  working  some  of  these  upon  a  small  scale,  still  the  average  yield 
is  unknown.  Apparently  this  has  arisen  from  the  inadequate  means 
employed  to  save  the  gold,  resulting  in  the  loss  of  the  greater  part.  Half 
an  ounce  per  ton  is  the  quantity  reported  as  having  been  obtained.  Ancient 
gold  washings  also  exist,  but  modern  miners  have  done  but  Kttle  in  order 
to  discover  theu*  value. 

The  Mendoza  Petroleum  Company  is  engaged  in  searching  for  petro- 
leum in  the  northern  part  of  this  province,  but  the  two  perforations 
already  made  were  not  successful.  A  third  is  in  com'se  of  being  made, 
and  should  it  not  tap  sufficient  oil  the  operations  wiU  be  abandoned. 

Province  of  Tucuman. 
The  mountains  in  the  western  portion  of  the  province  of  Tucuman 
contain  many  old  mines,  but  as  it  is  an  exceedingly  fertile  province, 
mining  has  received  no  attention.  Samples  of  copper  ore  which  the 
writer  obtained  from  this  province  assayed  38'41  per  cent,  of  that  metal, 
0*023  per  cent,  of  silver,  and  0*0005  j)er  cent,  of  gold.  Nos.  26,  27, 
and  28  represent  assays  of  silver  ore  from  this  province. 


No.  26. 

No.  27. 

No.  28. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Silver         

25-03 

26-10 

18-25 

Arsenic       

13-65 

— 

— 

Antimony 

1-10 

10-02 

— 

Sulphur      

10-22 

11-23 

2003 

Earthy  substances 

50-00 

52-65 
10000 

61-72 

100-00 

100-00 
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The  writer  has  not  examined  samples  of  ore  of  this  nature,  and 
consequently  cannot  guarantee  the  accuracy  of  the  last  preceding  analysis, 
but  they  are  extracted  from  an  official  publication  ordered  by  the  governor 
of  this  province  in  1882.  The  mining  district  refeiTed  to  in  this  province, 
is  situated  in  a  line  with  and  farther  northward  of  the  Cerro  de  Capillitas 
in  the  province  of  Catamarca,  but  is  separated  from  it  by  the  extensive 
Camp  of  Santa  Maria.  Doubtless,  however,  before  denudation  took  place 
the  mountains  to  the  south  and  north  of  this  camp  were  joined. 

Province  of  Cordova. 

Copper  and  galena  mines  are  distiil)uted  throughout  the  low  hills 
of  the  province  of  Cordova,  and  these  have  been  worked  on  various 
occasions,  but  mining  and  metallurgical  operations  were  rude,  costly,  and 
badly  managed  so  that  sufficient  profit  on  the  capital  invested  did  not 
result.     We  may  refer  for  an  example  to  the  Eara  Fortuna  mines. 

Various  quartz  veins  exist  in  the  mining  districts  of  this  province,  and 
attempts  have  been  made  to  work  these  on  various  occasions;  more 
recently  a  native  company  has  been  engaged  for  over  five  years  in  working 
mines  of  this  class,  but  as  usual  inadequate  and  expensive  management 
as  well  as  other  causes,  have  prevented  the  shareholders  from  receiving  any 
benefit.  Doubtless  there  are  various  mines  in  this  province  capable  of 
yielding  profits,  but  only  under  another  regime.  The  quartz  veins  referred 
to  are  exceedingly  flinty,  and  near  the  surface  the  ore  is  porous,  the 
holes  being  lined  with  red  oxide  of  iron  heavily  charged  with  native  gold, 
but  in  proportion  to  the  depth  attained  the  quartz  becomes  more  compaxjt 
and  the  quantity  of  gold  decreases. 

Province  of  San  Luis. 

San  Luis  is  one  of  the  smallest  mining  provinces,  but  it  contains 
various  mines,  and  it  is  not  ^^ithout  its  mining  history  and  failures. 
After  the  conquest  it  was  called  El  Dorado,  and  reported  by  the  Viceroy  of 
the  Court  of  Spain  to  be  exceedingly  rich  in  gold,  but  whether  these  mines 
have  been  lost,  or  that  a  great  difference  in  appreciating  quantity  and  riches 
existed  between  that  and  the  present  period,  is  not  clear,  although  the  latter 
supposition  is  most  probable.  In  more  modern  times  the  mining  and  metal- 
lurgical operations  carried  on  in  this  province  cannot  be  said  to  have  yielded 
much  profit.  The  mines  of  the  Carolina  Mining  Company  are  well  kno^wn. 
At  the  present  time  two  English  companies  possess  mines  in  this  province. 


142  MINES    IN   THE   ARGENTINE    REPUBLIC. 

but  they  have  uot  yet  commenced  to  work  them  upon  a  large  scale.  The 
nominal  capital  of  the  first  of  these  is  £120,000,  of  which  £10,000  appears 
to  have  been  paid  up.  The  nominal  capital  of  the  second  is  also  £1 20,000, 
of  which  sum  £26,000  appears  to  have  been  paid  up,  according  to  the 
mining  statistics  at  hand. 

A  third  company  has  been  nominally  created  with  a  capital  of  20,000 
dollars  to  work  gold  mines.  The  statistical  returns,  such  as  they  are,  exhibit 
a  yield  of  5"65  ounces  of  gold  and  5";30  ounces  of  silver  per  ton,  but 
there  is  no  statement  as  to  the  yield  of  a  large  bulk  of  ore. 

A  considerable  portion  of  the  province  of  San  Luis  consists  of  sterile 
and  almost  level  plains,  with  very  little  water.  The  National  Govern- 
ment was  therefore  induced  to  order  a  so-called  artesian  well  to  be  made  at 
a  point  called  El  Balde  in  one  of  these  camps ;  however,  the  usual  con- 
ditions necessary  to  constitute  an  artesian  well  are  entirely  absent.  The 
inspection  and  technical  direction  was  conducted  by  the  writer  during 
the  latter  period  of  the  execution  of  the  well,  and  after  the  expenditure 
of  a  large  sum  of  money  a  depth  of  660  yards  was  attained. 

At  this  point  a  bed  of  sand  and  gravel  full  of  water  was  reached,  and 
the  water  rose  to  and  overflowed  the  siu-face.  The  formation  for  the 
entire  depth  consisted  of  a  mass  of  consolidated  arenaceous  and  argilla- 
ceous matter,  with  here  and  there  a  very  thin  band  of  a  softish  rock 
called  tosca,  of  a  calcareous  and  sandy  nature. 

The  camp  in  which  this  boring  is  situated  extends  over  an  area  of 
several  square  leagues  (joined  to  others  in  the  province  of  San  Juan 
and  Mendoza)  ;  the  boring  therefore  seems  to  indicate  that  there  exists  an 
immense  basin,  probably  a  salt  or  fresh-water  lake,  fiUed  up  from  time  to 
time  with  debris  which  had  been  denuded  from  the  Andes.  The  source 
of  the  water  has  not  been  determined,  but  it  would  be  very  interesting 
to  ascertain  the  depth  from  the  water-bearing  sand  bed  to  the  solid  rocks 
below. 

Province  of  San  Juan. 

San  Juan  is  one  of  the  principal  mining  provinces  in  the  Repubhc, 
and  contains  various  important  mining  districts  of  large  extent.  The 
mines  consist  of  copper,  gold,  silver,  galena,  lead,  blende,  iron,  and 
lignite  ;  frequently  the  copper  veins  contain  certain  proportions  of  gold  and 
silver  disseminated. 

The  richest  samples  of  copper  ore  which  the  writer  has  seen  assayed 
yielded  at  the  rate  of  44*16  per  cent,  of  copper,  from  0"176  to  1'254  of 
silver,  and  0*096  per  cent,  of  gold.     Some  classes  of  ore  yield  from  9*14 
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jier  cent,  of  copper,  0*042  per  cent,  of  silver,  and  0"037  per  cent,  of  cold, 
to  24"39  per  cent,  of  copper,  0*032  per  cent,  of  silver,  and  0*012  per  cent. 
of  gold. 

The  percentage  yield  is,  however,  very  variable.  Various  small  native 
companies  possess  mines  in  this  province,  but  the  working  is  uncertain, 
and  is  conducted  on  a  very  small .  scale. .  One  of  the  companies  had  a 
capital  of  400,000  dollars  devoted  to  the  working  of  coal  or  lignite 
mines,  but  after  repeated  trials  the  works  are  believed  to  l)e  discontinued. 
Doubtless  in  the  future  this  province  will  figure  in  a  prominent  manner 
when  its  mines  are  under  proper  management. 


Province  of  Mendoza. 

There  are  various  copper,  galena,  and  other  mines  distributed  through- 
out the  mountain  districts  of  the  province  of  Mendoza,  and  as  in  all  the' 
other  provinces  attempted  workings  have  been  carried  on  with  variable 
results.  Some  of  the  samples  of  ore  which  have  come  into  the  pos- 
session of  the  writer  have  yielded  at  the  rate  of  from  20*19  per  cent,  of 
copper  and  0*0072  per  cent,  of  silver  to  40*72  per  cent,  of  copper  and 
0*116  per  cent,  of  silver,  but,  as  in  all  other  cases,  there  are  variations, 
and  there  are  classes  of  ore  very  low  as  well  as  very  high  in  percentage 
yield.  Some  companies  are  working  mines  of  galena  in  this  province. 
According  to  the  returns,  the  first  of  these  has,  or  had,  a  nominal  capital 
of  2,000,000  dollars,  of  which  500,000  dollars  appear  to  have  been  sub- 
scribed. Recently  a  syndicate  has  been  fonned  to  work  coal  mines  in  the 
southern  portion  of  this  province ;  the  nominal  capital  is  70,000  dollars, 
of  which  18,000  dollars  is  said  to  have  been  subscribed;  but  mining  has 
not  yet  commenced. 

A  native  company  has  also  undertaken  a  series  of  borings  in  this 
province,  some  of  which  were  from  230  to  650  feet  in  depth,  and  a  con- 
siderable quantity  of  petroleuni'was  discovered,  which  is  now  being  utilized 
as  fuel  for  the  machinery  on  one  of  the  railways.  An  iron  pipe  4^ 
inches  in  diameter  has  been  laid  from  the  petroleum  weUs  for  a  distance 
of  21^  miles  to  a  depot  at  the  railway  station  in  order  to  convey  the  oil. 

Various  thin  seams  of  bituminous  schist  have  been  discovered  in  this 
province,  but  they  are  not  considered  to  have  any  commercial  importance. 
Recently,  however,  a  new  coal-field  has  been  discovered  near  San  Rafael, 
in  the  southern  portion  of  this  province,  but  so  far  no  official  inspection 
has  been  made. 
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The  following  elements  of  this  coal  were  determined  by  analysis : — 

No.  29. 

Per  Cent. 

Water 2-05 

Gases  and  volatile  matter 49-51 

Fixed  carbon             ...         ...  47*81 

Ash      0-63 


100-00 


Per  Cent. 

60-59 

8-63 

25-12 

1-43 

4-23 

After  the  water  and  ash  are  eliminated  an  elementary  analysis  gave 

No.  30. 

Carbon 

Hydrogen     

Oxygen         ...         ...  

Nitrogen 
Sulphur 

100-00 

The  specific  gravity  of  the  coal  is  1*173,  and  its  calorific  power  5,405. 
Three  pertenencias  of  mines  or  54  hectares,  or  133"44  acres,  have  been 
granted,  and  it  is  reported  that  six  seams  of  coal  exist,  the  principal  being 
more  than  3  feet  thick ;  but  in  one  of  the  mines  the  thickness  of  the 
seam  is  stated  to  be  6  feet  thick,  the  others  being  less. 

Dr.  Kyle,  the  director  of  the  assaying  department  in  the  Government 
mint,  made  analyses  Nos.  29,  30,  and  31.  In  some  of  the  determinations 
he  seems  to  have  encountered  unusual  difficulties,  but  further  investi- 
gations led  him  to  discover  a  new  and  very  important  element  in  the  ash 
of  this  coal,  i.e.,  vanadic  acid.     A  complete  analysis  by  the  doctor  is  given 

as  follows : — 

No.  31. 

Soluble  in  nitric  acid —  Per  Cent. 

Pentoxide  of  vanadium  (VjO.) 38-22 

Phosphoric  anhydride      ...         ...         ...         ...  0-71 

Sulphuric  anhydride        12*06 

Lime           8-44 

Ferric  oxide           ...         ...  4*98 

Alumina      ...         ...         ...         ..  3*32 

Potash         1-73 

Insoluble  in  nitric  acid — 

Silica           13-70 

Ferric  oxide           ...         ...         ...         9-42 

Alumina      ...         ...         ...         ...         5-26 

Magnesia      ..          0-83 

Undetermined  traces  of  chlorine,  oxide  of  manganese, 

magnesia,  and  loss ...         ...  1-33 

100-00 
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It  will  be  seen  from  the  above  analysis  that  the  ash  of  this  coal  con- 
tained 38'22  per  cent,  of  pentoxide  of  vanadium,  but  "  the  treatment  of 
the  vanadic  acid  in  the  ammoniacal  extract  of  the  ash  demonstrated  that 
80  per  cent,  of  the  total  quantity  contained  is  found  under  the  form 
either  of  a  soluble  vanadate  or  free  anhydride,  and  that  only  20  per  cent, 
is  in  combination  with  oxides  of  u*on  and  alumina." 

Vanadate  of  ammonia  is  worth  39s.  2d.  per  kilogramme  or  17s.  9d. 
per  pound ;  but  there  does  not  seem  to  be  any  great  demand  for  vanadium, 
although  it  appears  to  be  an  element  scarce  in  nature.  Formerly  it  had 
a  considerable  sale,  but  the  demand  has  faUen  off.  Eight  years  ago  it 
was  employed  for  making  aniline  black. 

Possibly  the  trade  might  be  revived,  supposing  a  constant  supply  of 
vanadic  acid  could  be  ensured.  At  all  events  the  ash  of  British  coal  may 
contain  this  element,  and  it  would  be  interesting  from  a  scientific,  as 
well  as  from  a  commercial,  point  of  view,  to  institute  a  systematic 
enquiry  into  this  curious  subject. 

Territory  of  Neuquen. 

A  coal-field  has  recently  been  discovered  in  the  National  territory  of 

Neuquen,  and  it  is  reported  to  be  very  extensive,  but  as  yet  no  thorough 

examination  of  it  has  been  made.     Samples  of  coal  obtained  from  near 

the  surface  in  this  gobernaciou  yielded  the  following  results  on  analysis : — 


No.  32. 


No.  33. 


Water     ... 
Volatile  matter 
Fixed  carbon    ., 
Ash 
Sulphur ... 


Coke       

Contained  ash 

Calorific  power... 


Friable  Sample. 
Per  Cent. 

Harder. 
Per  Cent 

9-05 

3-75 

33-50 

35-12 

53-90 

50-18 

3-55 

10-65 

Traces, 

Traces. 

100-00 

100-00 

57-48 

61-13 

6-26 

17-30 

4,570 

4,636 

Although  this  coal-field  is  situated  at  a  very  long  distance  from  that 
previously  referred  to  at  San  Rafael,  in  the  province  of  Mendoza,  it  is 
cm-ious  to  note  that  the  coal  seems  to  possess  similar  characteristics.  The 
ash  of  the  coal  in  the  gobernaciou  of  Neuquen  contains  from  3  to  3*50 
per  cent,  of  vanadic  acid. 

The  age  of  the  formation  in  which  lignite  has  been  found  in  the 
provinces  of  San  Juan,  and  of  Mendoza,  has  not  been  determined  with  any 
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degree  of  certainty ;  the  same  remark  applies  to  the  coal-field  near  San 
Eafael  and  Neuquen  before  referred  to.  Bowever,  some  fragments  of 
fossils  have  been  obtained  from  the  latter  place,  but  in  a  bad  state  of 
preservation ;  they  belong  to  the  Anunonitid^  and  Trigoniadfe ;  and  it 
is  considered  that  the  formation  may  be  Jurassic,  but  the  idea  requires 
confirmation. 

In  the  gobernacion  of  Xeuquen  various  mineral  districts  exist,  con- 
taining copper,  silver,  gold,  lead,  galena,  petroleum,  and  nitrate  mines, 
and  various  concessions  have  been  made  for  working  them.  Permission 
to  explore  has  also  been  granted  to  several  parties. 

Territory  of  Tierra  del  Fuego. 

The  lignite  of  TieiTa  del  Fuego  is  said  to  exist  in  large  deposits,  and 
is  of  good  quality,  as  may  be  seen  from  the  following  analysis : — 

No.  34. 

Per  Cent. 

Fixed  carbon         48-.500 

Volatile  matter     49-810 

Ash  0-08(5 

Water         1-604 


100-000 


Permission  has  been  granted  to  explore  these  lignite  deposits,  and  it  is 
possible  that  mining  concessions  may  be  applied  for.  It  is  believed  that 
the  lignite  could  be  utilized,  and  a  coal  station  fonned  for  steamers  passing 
in  this  direction  ;  but  as  the  sea  on  the  coast  of  TieiTa  del  Fuego  is  very 
boisterous,  approach  for  this  object  may  be  difficult. 

Territory  of  Chubdt. 

In  the  gobernacion  or  National  temtory  of  Chubut,  gold  washings 
and  veins  of  galena  have  been  discovered,  and  exploring  concessions 
granted. 

Territory  of  Misiones. 

Companies  have  also  ol;)tained  permission  to  explore  for  minerals  in  the 
gol^ernacion  of  Misiones,  the  principal  region  where  the  missionary  Jesuits 
were  once  established.  This  part  of  the  National  territory  is  very 
important,  adjoining  as  it  does  the  south-western  mountains  of  Brazil, 
and  doubtless  it  is  rich  in  various  kinds  of  minerals.  It  is  known  that 
the  Jesuits  worked  gold,  silver,  and  copper  mines  there. 
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Territory  of  Santa  Cruz. 

Gold  has  also  been  discovered  scattered  on  the  coast  of  Tierra  del 
Fuego,  and  that  of  Patagonia  in  the  gobernacion  of  Santa  Cruz.  During 
the  year  1886,  and  since  that  time,  various  companies  have  been  formed 
to  work  these  gold  washings,  but  they  were  not  suflficiently  extensive, 
constant,  or  rich  to  yield  such  a  profit  on  the  capital  invested  as  would 
have  been  satisfactory  to  the  parties  interested.  The  heavy  seas  in  this 
neighbourhood  constantly  wash  up  and  deposit  a  thin  layer  of  sand 
upon  the  beach,  and  the  contained  gold  is  collected  as  often  as  a  new 
deposit  takes  place.  This  circumstance  has  led  to  the  lielief  that  there 
is  an  immense  quantity  of  gold  deposited  in  the  trough  of  the  sea,  or, 
at  least,  in  the  deepest  parts  of  it  near  the  coast,  the  lighter  particles  of 
the  gold  thus  being  raised  by  heavy  seas  and  deposited  as  described. 

Considering  that  the  Andes  duninish  in  height  from  the  Equator  to 
Cape  Horn,  where  the  mountains  have  no  gTeat  elevation,  it  is  probable 
that  if  the  Andes  in  the  southern  portion  of  the  Republic  were  elevated 
to  the  same  height  as  they  have  been  farther  north,  most  of"  the  quartz 
and  other  veins  of  mineral  containing  gold  must  have  been  denuded  in 
various  places,  gTound  down,  can-ied  away  by  floods,  and  deposited  in 
ancient  river-beds  situated  at  low  levels  and  in  the  sea;  so  that  if 
future  studies  should  prove  this  theory  to  be  true  it  Avould  be  a  question 
of  making  search  at  practicable  depths  in  the  sea  parallel  with  the  coast. 

In  these  days  of  engineering  science  it  may  prol:)al)ly  be  found  not 
too  difficult  to  carry  on  dredging  experiments  with  the  object  indicated. 

The  gold  found  on  the  coast-line  referred  to  occurs  in  a  very  fine 
powdered,  and  also  in  a  thin  laminated' condition,  and  appears  to  have 
been  subjected  to  much  abrasion. 

It  is  intimately  mixed  with  magnetic  and  titanic  iron,  sand,  small 
rubies,  and  grains  of  platinum. 

Metallurgy. 

At  Tilimuque,  situated  in  the  jirovince  of  La  Rioja,  there  is  a  small 
smelting-works  called  El  Progreso  for  the  reduction  of  the  copper  ores 
which  are  transported  from  the  mountain  regions  of  the  Mejicana  district. 
It  has  been  found  convenient  in  practice  to  mix  the  different  classes  of 
ore  in  such  a  manner  as  to  form  a  mixture  assaying  from  12  to  15  pei' 
cent,  of  copper,  so  that  4*26  cajones  or  9 '50  8  tons,  are  reduced  to  1  cajon, 
or  2'232  tons  of  regulus,  which  would  assay  65  per  cent,  of  copper.  The 
gold  and  silver  existing  in  the  original  bulk  of  crude  ore  treated  is  also 
reduced  in  the  resulting  regulus  in  the  same  proportion.     After  the  ore 
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has  been  sorted  and  mixed  it  is  calcined  in  large  piles  in  the  open  air 
before  being  reduced;  wood  is  placed  in  alternate  layers  with  the  ore 
until  each  pile  is  completed,  and  the  operation  of  calcination  eliminates 
the  greater  portion  of  the  volatile  elements.  In  this  condition  the  ore  is 
reduced  in  an  ordinary  reverberatory  furnace,  and  a  poor  regulus  issues, 
which  is  broken  to  a  convenient  size  and  calcined  in  the  same  manner 
as  the  crude  ore.  The  process  of  re-founding  and  calcining  is  continued 
until  the  regulus  has  been  raised  to  the  percentage  yield  of  metal 
required,  which  may  vary  from  60  to  65  per  cent,  of  copper.  When 
the  ore  is  very  refractory  the  resulting  regulus  is  submitted  to  two 
or  three  separate  calcinations,  and  at  least  thi'ee  separate  reductions  in  the 
furnace. 

In  the  ultimate  condition  the  regulus  generally  contains  by  assay  :— 

No.  35. 

Copper  60  to    65  per  cent. 

Silver  560  ,,  600  ounces )  per  cajon  of  5,000  lbs. 

Gold 12  „     15       ,,       J  or  2-232  tons  English. 

The  quantity  of  gold  and  silver,  however,  depends  upon  the  richness 

of  the  crude  ore,  and  the  manner  in  wliich  the  various  classes  are  mixed. 

For  this  reason  the  percentage  yield  may  vary  from  the  last  preceding 

assay.     According  to  the  above  calculation  the  quantity  contained  in  an 

English  ton  would  be  : — 

No.  36. 

Copper  iu  the  regulus  ...         60  to  65  per  cent. 

Silver 250-896  to  268-816  ounces  per  ton. 

Gold      5-376  „       6-720 

In  this  Republic  as  well  as  throughout  South  America  silver  is 
generally  calculated  in  marks  of  8  ounces  each,  two  mirks  being  equal 
to  one  pouud  avoirdupois.  When  the  percentage  yield  of  silver  in 
the  ore  has  been  determined,  the  number  of  marks  per  cajon  may  be 
obtained  by  removing  the  decimal  point  two  places  to  the  right,  or  what 
is  the  same  thing,  adding  two  noughts  to  the  percentage  for  whole  numbers 
and  vice  versa. 

Each  reverberatory  furnace  at  the  El  Progreso  works,  Tilimuque,  is 
capable  of  reducing  213  quintals,  equal  to  the  weight  previously  given, 
of  crude  ore  in  twenty-four  hours,  the  percentage  of  wood  employed 
in  the  reduction  is  in  the  proportion  of  1-125  to  1  of  ore.  Pulverized 
coppar  ore  is  calcined  in  a  special  furnace,  and  the  amount  of  wood 
consumed  is  in  the  proportion  of  1  of  the  latter  to  1*53  of  the  former. 
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A  parcel  of  400  tons  of  ore  extracted  from  the  Upulungos  mine,  after 
being  mixed  in  the  establishment,  gave  the  following  result : — 

No.  37. 

Copper       15*455  per  cent. 

Silver         66"2323  ounces  per  English  ton  of  crude  ore. 

Gold  1-2390       „  „  „ 

But,  as  previously  observed,  the  percentage  yield  is  variable,  as  the 
crude  ore  employed  in  the  reduction  to  produce  No.  36  assay  yielded  at 
the  rate  of  14*084  per  cent,  to  15'258  per  cent,  of  copper,  and  58'895 
ounces  to  63"1025  ounces  of  silver,  with  1'262  ounces  to  1"5775  ounces  of 
gold  per  ton,  the  proportion  between  the  yield  of  crude  ore  and  regulus 
being  as  4*26  of  the  former  to  1  of  the  latter ;  sometimes  the  yield  was  at 
the  rate  of  71"68  ounces  of  silver  and  1"28  ounces  of  gold  per  ton. 

In  1881,  gold  was  obtained  at  the  rate  of  1*4  to  1*62  ounces  per  ton 
of  crude  ore. 

Another  parcel  of  1062*812  tons  of  crude  ore  after  being  sorted  and 
mixed,  yielded  the  following  assay : — 

No.  38. 

Copper       I3--10    percent. 

Silver  67*168  ounces  per  English  ton. 

Gold  1-253         „  „ 

The  corresponding  regulus  obtained  from  the  reduction  of  4*52  tons 
of  crude  ore  yielded : — 

No,  39, 

Copper      60-568  per  cent. 

Silver        303-599  ounces  per  English  ton. 

Gold  5-66-1        „  „ 

These  data  will  be  sufficient  to  give  an  idea  of  the  productiveness  of 
the  mines  in  the  Mejicana  district. 

In  1883,  the  -uTiter  obtained  a  copy  of  the  general  accounts  of  the  El 
Progreso  establishment  at  Tilimuque,  and  the  profit  deduced  seemed  to 
have  been  at  the  rate  of  65*04  per  cent,  on  the  capital  invested  in  the 
mines  and  smelting  works,  but  there  was  no  means  of  verifying  the 
accuracy  of  the  entries.  Since  that  period,  however,  labour,  transport, 
and  materials  have  been  more  costly  and  uncertain,  consequently  the 
profit  derived  must  be  less ;  nevertheless,  with  cheaper  and  more  facile 
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traBsport,  and  an  improved  and  more  economical  system  of  mining  and 
metallurgy,  the  charges  may  so  far  be  reduced  as  to  counterbalance  in  a 
great  measure  the  extra  cost  of  labour  and  material. 

In  1888,  the  regulus  obtained  from  this  establishment  assayed  at  the 
rate  of  63'25  per  cent,  of  copper,  with  232'12  ounces  of  silver  and  4*85 
ounces  of  gold  per  ton,  and  realized  in  England  £89  18s.  per  ton.  Since 
1883  the  proprietoi-ship  of  the  mines  and  the  establishment  has  changed 
hands,  and  at  present  there  are  no  returns  available  as  to  the  profit 
obtained. 

The  largest  smelting  establishment  in  this  countiy  for  reducing  copper 
ore  is  situated  at  Pilciao,  in  the  eastern  part  of  Catamarca.  The  ore 
treated  in  this  establishment  is  transported  from  the  mines  situated  in  the 
mountains  of  Capillitas  by  means  of  pack-mules,  the  journey  occupying 
about  two  days.  It  is  sorted  and  calcined  in  the  usual  manner,  wood 
l^eiug  employed  as  fuel.  "When  the  calcination  of  a  large  pile  of  ore  is 
concluded,  the  parts  of  it  improperly  calcined  are  added  to  new  pUes  of  ore 
and  are  recalcined.  Other  processes,  such  as  grinding  the  calcined  ore, 
and  if  needed,  further  calcining  in  this  condition,  are  caiTied  on ;  it  is 
then  fused,  and  a  regulus  produced.  18  quintals  or  1,800  lbs.  of  calcined 
ore  are  treated  with  5  of  poor  slag,  6  of  furnace  refuse,  and  21  of  another 
but  poorer  class  of  regulus.  This  forms  a  charge  of  50  quintals,  and 
is  repassed  or  again  reduced  in  the  reverberatory  furnace.  The  pro- 
portions of  the  mixture  depend  upon  the  amount  of  copper  present. 
Five  such  charges  are  passed  through  the  furnace  in  twenty-four  houi-s, 
resulting  in  the  production  of  copper  bai-s,  and  also  copper  regulus  bars. 
The  copper  bars  generally  contain  from  90  to  91  per  cent,  of  metal,  with 
variations,  with  from  200  to  300  ounces  of  silver,  and  from  10  to  15 
ounces  of  gold. 

The  copper  produced  from  the  'second  smelting  operation  is  refined 
in  special  furnaces,  and  by  that  process  is  raised  from  95  to  97  per  cent, 
of  copper ;  about  60  quintals  are  refined  in  twenty-four  hours,  but  the 
time  of  refining  this  quantity  is  variable.  On  one  occasion  the  reduction 
of  2,201  quintals  or  98*25  tons  of  mineral  produced  798  quintals  of 
bottoms  assaying  36-25  per  cent,  of  copper,  0-6843  i^er  cent,  of  silver, 
and  0-0417  per  cent,  of  gold.  Bottoms  have  occasionally  assayed  at  the 
rate  of  from  0-7053  psr  cent,  of  silver  and  0-0447  per  cent,  of  gold  to 
0-7187  per  cent,  of  silver  and  0*0453  per  cent,  of  gold. 

A  general  analysis  of  some  of  the  copper  ore  from  the  Restara-adora 
mine  smelted  at  this  establishment,  is  given  in  No.  40  and  No.  41 :— 
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No.  40. 

Per  Cent. 

Copper 34-170 

Carbonate  of  copper  (malachite)  10'169 

Oxide  of  copper  j  Sulphate    of  (  2'ISO 

Sulphuric  acid    )       copper  I  2'14o 

Water 0-482 

Iron         ...         ...         ...          ..  5-598 

Zinc        1-692 

Lead       3-180 

Silver      0-149 

Gold        0-006 

Sulphur 23-604 

.Irsenic 11-378 

Antimony          1-415 

Carbonate  of  lime        ...         ...  0-565 

„             magnesia           ...  0-319 

Potash 1-186 

Soda       0-237 

Quartz  granite  ...         2-106 

Bismuth             0-419 

100-000 


No.  41. 

Copper   

Carbonate  of  copper  (malachite) 

Iron        

Hydrated  oxide  of  iron 

Zinc        

Bismuth 

Lead 
Silver 

Gold       

Sulphur  .. 
Arsenic  ... 
Antimony 
Sulphuric  acid  ... 
Carbonate  of  lime 

„  magnesia 

Potash 

Soda 

Quartz  granite  ... 


Per  Cent. 

26-380 
1-015 

19-025 
0-373 
2-824 
0-420 
0273 
0115 
0-00 1 

33-438 
7-334 
0-665 
0-233 
1-036 
0-401 
0-337 
0-249 
5-752 


99-871 


The  cost  of  production  at  this  establishment  has  not  been  published, 
but  the  owner  has  been  good  enough  to  supply  the  following  data.  The 
value  of  copper  containing  silver,  etc.,  diminished  from  1876  to  1881  con- 
siderably, but  the  average  price  obtained  amounted  to  £82  16s.  per  ton. 
In  1872  it  was  at  the  rate  of  £92  10s.  per  ton,  and  for  the  five  years, 
from  1882  to  1886,  the  rate  was  reduced  to  £67  17s.  per  ton. 

The  concentrated  bottoms  containing  copper,  gold,  and  sdver,  realized 
from  1872  to  1881,  £141  7s.  per  ton.  The  highest  price  was  obtained 
in  1880,  when  it  reached  £185  8s.  per  ton.  During  the  next  five 
years,  or  from  1882  to  1886,  the  price  was  £108  lis.  per  ton,  but  the 
copper  bars  and  bottoms  smelted  in  1887  realized  only  £75  2s.  6d.  per 
ton.  The  owners  of  this  establishment  and  the  mines  in  the  Capillitas 
have  continued  operations  for  a  period  of  27  years ;  it  is  therefore  to 
be  inferred  that  considerable  profit  has  been  derived. 

A  small  smelting  establishment  is  also  situated  in  the  same  neighbour- 
hood at  Pipanaco,  but  the  process  of  reduction  is  more  primitive.  The 
owner  of  this  establishment  stated  that  150  quintals,  or  15,000  lbs., 
of  ore  were  reduced  with  a  consumption  of  250  quintals,  or  25,000  lbs., 
of  wood,  being  at  the  rate  of  1*66  of  the  latter  to  1  of  the  former :  the 
cost  of  the  wood  is  stated  to  have  been  at  the  rate  of  2d.  per  quintal. 

The  regulus  derived  from  the  first  operation  of  smelting  contains 
about  30  per  cent,  of  copper.     In  this  condition  it  is  broken  and  calcined 
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in  the  usual  manner  in  the  open  air,  as  in  the  case  of  Tilimuque  in  the 
province  of  La  Eioja.  The  OT^^ler  has  presented  the  following  analyses  of 
regulus,  see  No.  42,  No.  43,  and  No.  44 : — 

No.  42.  No.  43. 


Copper  from    60  to   65  per  cent. 
Silver        ,,     320  „  430  ounces. 
Gold  5 


Copper  from   62  to    66  per  cent. 
Silver       „     520  „  640  ounces. 
Gold         „        6   „       S 


No.  44. 


Copper  from  30  to  59  per  cent. 
Silver       „     80  „  300  ounces. 
Gold         „     20  „    25       ,, 

Since  1866,  they  have  ceased  to  make  copper  bars  at  this  estabhsh- 
ment,  attention  being  more  particularly  confined  to  the  production  of 
regulus.  No  returns  have  been  published  shewing  the  price  obtained 
per  ton  or  profit  realized  on  the  capital  employed.  The  ores  smelted  at 
this  establishment  are  obtained  from  the  copper  mines  in  the  Cerro  of 
Capillitas. 

Some  other  smelting-works  of  no  very  great  importance  are  scattered 
about  in  the  Argentine  Republic.  One  of  these  is  situated  in  the  province 
of  Salta,  but  not  more  than  about  50  tons  of  ore  are  reduced  per  month. 
There  are  no  returns  from  which  particular  details  may  be  derived. 

A  company  has  recently  been  formed  in  Buenos  Ayres  for  the  pui-pose 
of  working  some  iron  mines  situated  in  the  province  of  Catamarca, 
and  for  the  erection  of  blast  furnaces  to  reduce  the  ore.  It  is  a  titanic 
ore,  containing  52*217  per  cent,  of  peroxide  of  u'on,  14'89  per  cent,  of 
protoxide,  18*17  per  cent,  of  titanic  acid,  5*40  per  cent,  of  alumina,  0*97 
per  cent,  of  oxide  of  magnesia,  4*28  per  cent,  of  manganese,  water  in 
combination  0*93  per  cent.,  and  2*55  per  cent,  of  sihca,  yielding  48*25 
per  cent,  of  metaUic  iron.  Various  assays  have  been  made,  differing 
somewhat  from  that  given.  Samples  of  hematite  iron  ore  from  some  of 
these  mines  have  yielded  63*96  per  cent,  of  peroxide  of  iron,  giving  44*76 
per  cent,  of  metallic  iron. 

The  company  proposes  to  use  charcoal  in  the  blast  furnaces,  which, 
they  say,  will  be  made  from  the  wood  upon  their  estate.  These  mines 
have  been  under  notice  for  several  years,  and  in  order  to  encourage  this 
important  industry  a  govermnent  guarantee  of  5  per  cent,  per  annum  for 
ten  years  upon  a  capital  of  1,000,000  dollars  has  been  granted,  but 
doubtless  they  will  discover  that  a  larger  capital  is  necessary. 

In  1877,  the  first  smelting-works  for  the  reduction  of  silver  ores  was 
erected  at  San  Miguel,  near  the  village  of  Chilecito,  in  the  province  of 
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La  E,ioja,  and  the  ores  were  obtained  from  the  various  mining  districts  in 
this  province,  and  according  to  the  statements  of  the  company  large  profits 
were  obtained  for  a  considerable  period  of  time.  This  prosperous  con- 
dition was  believed  to  be  interminable,  and  this  induced  a  too  lavish 
expenditm-e  of  capital,  inefficient  management,  and,  finally,  complete 
neglect  resulting  in  a  general  collapse.  Since  that  period  this  estabMsh- 
ment  has  changed  hands  and  has  been  continued  at  intervals  in  a  feeble 
manner,  but  is  now  closed. 

In  1883,  a  French  company  engaged  in  the  working  of  a  group  of 
silver  mines  and  the  reduction  of  the  ores  at  new  smelting -works  erected 
for  that  object  at  Nonogasta,  in  the  province  of  La  Rioja.  The  erection 
of  the  furnaces  and  accessories  cost  £10,000,  but  the  general  adminis- 
tration being  very  expensive,  and  too  theoretical,  resulted  in  the  waste 
of  the  greater  portion  of  the  capital  of  the  company,  and,  although  a 
considerable  quantity  of  silver  was  remitted  to  Paris,  the  company  became 
dissatisfied  and  changed  the  management  in  this  country.  The  nominal 
capital  was  £160,000,  of  which  £40,000  were  paid  up. 

Various  small  estabhshments  for  the  reduction  of  copper  and  lead- 
ores  have  been  erected  in  the  provinces  of  San  Luis,  Mendoza,  San 
Juan,  and  Cordova,  but  for  various  reasons  they  were  not  continued  for 
any  great  length  of  tune. 

Final  Eemarks. 

It  is  to  be  regretted  that  extravagant  expenditure,  inefficient  manage- 
ment, and,  in  too  many  cases,  bad  faith,  have  characteiized  the  mining 
history  of  the  Argentine  Republic,  and  that  but  very  few  companies  have 
succeeded  in  obtaining  a  fair,  remunerative,  and  constant  profit  on  the 
capital  invested  in  their  mining  and  metallurgical  operations ;  but  this 
condition  of  things  has  not  resulted  so  much  from  the  unproductiveness 
of  the  mines  selected  as  from  an  entire  want  of  practical  knowledge  and 
energy,  and  inability  in  enforcing  the  appHcation  of  economical  principles 
to  the  various  classes  of  work,  as  well  as  ignorance  of  the  language,  laws, 
and  customs  of  the  country. 

The  natives  do  not  understand  mining  as  an  industry,  but  only  as  a 
ready  means  by  which  large  capital  sums  may  be  obtained  or  transferred 
from  one  to  another  upon  a  mere  representation  without  guaranteeing  or 
being  able  to  offer  a  fixed  reliable  basis  of  value  in  exchange.  A  large 
number  of  mining  concessions  of  various  classes  exist  in  the  provinces, 
but  only  a  few  are  being  worked. 
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Branch  railways  have  not  yet  been  constructed  to  connect  the  mining 
districts  with  the  main  railway  lines,  and  for  this  reason  transport  is  costly 
and  uncertain,  but  where  ores  are  found  to  exist  in  paying  quantities 
such  branch  railways  should  be  constructed  for  its  transport ;  this,  how- 
ever, is  a  question  for  the  consideration  of  hona  fiiU  companies  engaging 
in  the  working  of  mines. 

The  ^vl•iter  has  devoted  eight  years  to  the  study  of  the  mines  and 
mineral  resources  of  the  Republic,  and  has,  with  the  gi'eatest  difficulty, 
succeeded  in  introducing  a  general  National  Government  Inspection  of 
Mines,  and  in  founding  the  National  Department  of  Mines  and  Geology, 
in  Buenos  Ayres. 

In  his  opinion  a  great  point  has  been  gained  by  the  formation  of  a 
very  extensive  museum  of  characteristic  minerals  of  the  Republic  in  the 
Department  of  Mines,  so  as  to  enable  foreigners  to  form  a  correct  judg- 
ment upon  the  condition  and  commercial  value  of  the  mines.  Certain 
native  parties  are  opposed  to  the  exhibition  of  the  truth  in  this  form, 
believing  it  to  be  an  innovation  and  in  conflict  with  their  private  mining 
interest  and  mode  of  conducting  such  negotiations. 

Government  action  and  mining  progress  in  a  legitimate  form  have 
been  much  impeded,  resulting  from  the  state  of  the  country,  and  the 
inability  of  the  natives  to  appreciate  or  accept  anything  approaching  to 
English  modes,  customs,  institutions,  or  ideas. 


The  President  moved  a  vote  of  thanks  to  Mr.  Hoskold  for  his  inter- 
esting and  valuable  notes  on  the  mineral  resources  of  the  Argentine 
Republic,  and  trusted  that  it  would  be  the  precursor  of  other  papers  from 
him  and  other  foreign  members. 

The  motion  was  cordially  adopted. 


The  following  paper  on  "  The  Witwatersrandt  Gold-field,"  by  Mr. 
John  M.  LiddeU,  was  taken  as  read : — 
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THE  WITWATERSRANDT  GOLD-FIELD. 


By  JOHN  M.  LIDDELL. 


The  Witwatersrandt  gold-field  is  situated  on  a  ridge  of  high  land 
extending  roughly  east  and  west  across  the  table-land  of  the  south  centre 
of  the  Transvaal,  at  an  altitude  of  about  6,000  feet,  forming  part  of  the 
watershed  between  the  Vaal  and  Limpopo  Rivers.  The  ridge  is  composed 
of  a  series  of  slate  and  quartzite  beds  whose  line  of  strike  runs  about  east 
and  west,  and  they  dip  southwards  at  various  angles.  The  slates  are  more 
prevalent  in  the  lower  series,  and  to  the  north  of  their  outcrop  the  surface 
of  the  country  falls  abruptly  for  about  500  feet,  exposing  a  large  mass  of 
granitic  rocks.  These  beds  are  intersected  by  numerous  faults,  trap-dykes, 
and  also  by  occasional  veins  and  masses  of  white  quartz  in  which  no  gold 
is  found. 

The  minerals  of  interest  among  these  strata  are  a  number  of  conglom- 
erate beds  (locally  called  "  banket,"  from  their  resemblance  to  the  Boer 
almond-cake),  interstratined  among  the  quartzites  above-mentioned,  and 
separated  from  each  other  in  some  cases  by  thin  partings,  and  in  others 
by  thick  quartzite  beds. 

The  principal  series  of  these  conglomerates,  here  called  reefs,  is 
the  Main  Reef  series,  the  outcrop  of  which  is  conspicuous.  It  is 
traceable,  with  intervals,  for  a  distance  of  30  miles  east  and  west,  and 
for  a  length  of  some  4  miles  about  the  middle  it  is  especially  rich  in 
gold.  The  reefs  vary  much  from  point  to  point  in  thickness  and 
richness,  being  worked  as  single  or  separate  bodies  according  to  the 
varying  thickness  of  intervening  sandstone  bands.  In  their  mode  of 
occurrence  they  greatly  resemble  coal-seams  tilted  at  a  higher  angle  than 
usual.  They  generally  include  several  adjoining  conglomerate  beds,  which 
in  some  cases  extend  for  half  a  mile  east  and  west  with  much  regularity, 
and  they  are  similarly  faulted  and  intersected  by  basaltic  dykes.  A  notice- 
able feature  exposed  in  some  mines  is  a  large  fault  or  dyke,  or  fault  and 
dyke,  which  runs  parallel  to  the  strike  at  a  distance  of  150  feet  more  or 
less  from  the  outcrop,  complicated  in  one  case  by  a  lateral  fault,  which 
causes  the  reef  to  overlap.  It  is,  however,  only  partially  proved  in  mines 
situated  on  the  flanks  of  the  hill,  and  may  yet  be  reached  by  those  whose 
reefs  outcrop  at  a  higher  level,  and  should  thus  have  to  sink  further  for  it. 

The  thickest  and  most  prominent  reef  of  the  series  is  the  Main  Reef, 
which  varies  from  3  feet  to  15  feet  in  thickness,  and  from  a  few  penny- 
weights to  several  ounces  in  yield  of  gold.     It  is  composed  of  a  number 
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of  contiguous  banket  beds ;  sometimes  separated  by  thin  bands  of  sand- 
stone. The  uppermost  of  these  beds  is  in  some  mines  separated  from  the 
body  of  the  reef  by  a  foot  or  two  of  sandstone ;  it  is  also  frequently  the 
richest  part,  and  is  then  worked  as  a  separate  body  under  the  name  of  the 
Main  Reef  Leader.  It  varies  up  to  5  feet  in  thickness,  and  is  peculiar  for 
the  large  size  of  its  pebbles,  many  being  as  much  as  3  inches  in  diameter. 
It  often  yields  2  ounces  of  gold  per  ton  of  ore,  with  occasional  richer 
shoots. 

A  little  above  the  IMain  Reef  series  several  small  reefs  of  little 
interest  occur,  and  at  about  100  feet  more  or  less  is  a  group  of  leaders  (thin 
beds  of  conglomerate)  which  fonn,  with  interbedded  sandstone  bands,  a 
fairly  defined  body  called  the  South  Reef.  This  reef  is  generally  the  best 
of  the  Main  Reef  series ;  it  varies  from  a  few  inches  to  12  feet  in  thick- 
ness, and  in  yield  of  gold  averages  some  ounces  per  ton,  often  containing 
shoots  of  great  richness. 

Some  50  feet  above  the  South  Reef  occurs  the  Red  Reef,  which  varies 
up  to  6  feet  in  thickness ;  it  is  not  rich,  though  a  thin  portion  of  it  some- 
times yields  well,  and  it  is  somewhat  u'regular  and  but  little  developed. 
There  are  many  more  banket  beds  above  these  in  this  series,  some  of 
considerable  thickness,  but  no  others  have  yielded  sufficient  gold  near 
the  sm-face  to  encourage  much  exploration. 

The  South  Reef,  Main  Reef  Leader,  and  Main  Reef  have  been  con- 
siderably developed,  being  opened  in  some  mines  to  depths  of  more  than 
400  feet  on  the  dip  of  the  reefs.  Their  angle  of  dip  is  variable,  but 
averages  about  50  degs,  in  a  southerly  du'ection.  They  are  crossed  at 
intervals  by  faults  of  from  10  feet  to  100  feet  throw,  and  are  in  places 
much  broken  by  groups  of  small  faults  all  running  approxunately  at  right 
angles  to  the  lines  of  strike. 

The  auriferous  conglomerate  is  a  cemented  mass  of  sand,  mud,  iron 
pyrites,  etc.,  in  which  are  embedded  white  quartz-pebbles  in  size  more  or  less 
than  that  of  an  acorn.  In  the  pebbles  themselves  little  or  no  gold  is  found, 
but  thi'oughout  the  cement  mass  it  is  generally  distributed,  often  clustered 
thickly  under  the  pebbles  when  the  latter  are  rather  large,  and  it  is  a  fairly 
established  fact  that  where  the  pebbles  arc  largest  and  most  numerous  in 
a  given  reef  the  yield  of  gold  is  richest. 

The  outcrops  of  the  reefs  and  of  the  adjoining  beds  are  decomposed 
down  to  about  the  surface  water-level  of  dry  seasons,  with  local  variations 
according  to  the  texture  of  the  rocks,  lines  of  faulting,  joints,  etc.  The 
reefs  where  decomposed  are  of  a  dull  red  colour  and  break  up  readily  in 
the  mine  and  in  the  mills,  from  3  to  4  tons  of  surface-ore  being  coramonly 
treated  per  stamp  ^jer  24  hours.     Below  the  level  of  permanent  surface- 
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waters  all  tlie  beds  are  hard  and  compact,  and  of  a  blue  colonr,  only  the 
whiteness  of  the  pebbles  distinguishing^  the  reefs  to  the  eye.  A  large  amount 
of  iron  pyrites  is  contained  in  the  ore,  of  which  the  greater  part  above 
water-level  is  decomposed,  and  the  gold  attached  to  it  set  free,  so  that  a 
screen-mesh  of  900  divisions  to  the  square  inch  is  the  most  profitable  for 
milling,  /.?.,  gives  the  most  satisfactory  result  of  gold  recovered  in  propor- 
tion to  the  cost  of  milling.  In  the  blue  ore  a  much  smaller  percentage  of 
the  gold  is  recoverable  by  the  first  treatment  (milling  with  stamps)  and 
various  systems  of  concentration,  grinding,  and  furthei-  chemical  treat- 
ment are  in  use. 

Some  of  the  gold  is  very  fine,  but  little  or  none  is  accompanied  by 
refractory  material  other  thaii  pyrites.  The  question  of  the  economical 
recovery  of  fine  gold  from  pyritic  ores  is  of  the  greatest  importance,  as  upon 
it,  in  conjunction  with  others,  depends  the  working  of  millions  of  tons  of 
low-grade  ores  amply  proved  to  exist.  At  present  ores  yielding  8  penny- 
weights per  ton  in  free  gold  are  barely  workable,  but  the  development  of 
the  country  is  reducing  the  cost  of  output,  and  an  appreciable  reduction 
in  the  cost  of  recovering  gold  from  pyritic  ore  would  render  a  very  large 
field  capable  of  profitable  work. 

The  supply  of  coal  is  ample  and  quality  fair. 

The  method  of  winning  and  working  the  mines  in  question  has  been 
somewhat  irregular,  as  it  was  initiated  by  Boers  and  other  amateurs  without 
mining  experience. 

The  method  of  winning  commonly  adopted  on  these  fields  is  to  sink 
one  or  more  vertical  shafts  at  a  distance  of  some  200  or  300  feet  on  the  dip 
side  of  the  outcrop,  then  from  the  shafts  to  put  in  drifts  across  the  beds  to 
cut  and  open  up  the  reefs  at  succeeding  levels,  so  that  there  may  be  about 
100  feet  of  reef  on  the  slope  between  consecutive  levels.  "Where  the  reefs 
are  numerous  this  method  is  suitable,  as  a  single  vertical  shaft  cuts  and 
proves  the  value  of  them  with  comparatively  little  deadwork ;  but  where 
only  one  or  two  workable  reefs  occur,  the  amount  of  deadwork  is  excessive, 
and  a  slope  shaft  in  (or  under)  the  lower  reef,  if  there  be  two,  is  preferable. 
When  there  are  two  reefs,  a  succession  of  small  shafts  should  be  sunk  from 
level  to  level  in  the  upper  reef  to  work  in  concert  with  the  main  shaft,  and 
connected  with  it  by  cross-cut  drifts,  and  this  should  be  kept  in  advance 
to  prove  the  ground  in  front  of  the  main  shaft.  This  arrangement  is 
farther  most  suitable  for  concentration  of  work  and  plant,  and  for  con- 
nexion with  the  mill,  as  the  ore  may  be  delivered  from  the  shaft  immedi- 
ately into  the  mill-hoppers,  the  mill  being  situated  beyond  the  outcrop 
of  the  reefs  (not  above  the  reefs),  so  that  it  is  upon  solid  ground  and  free 
from  risk  of  any  damage  by  workings  underneath  it. 
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The  selection  of  a  mill  site  is  an  important  question  which  has  commonly 
been  mis-ippreciated  by  earlier  workers  on  these  fields.  It  has  been  a  custom 
to  place  mills  as  near  as  possible  to  their  water-supply  and  on  low  ground, 
whereby  some  expense  in  pumping  is  saved,  but  the  saving  in  money  is 
small  as  compared  with  the  expenses  of  transport  of  ore  and  removal  of 
tailings,  which  would  otherwise  illegally  choke  the  streams  and  be  drifted 
away  by  wind.  The  amount  of  tailings  to  be  provided  for  is  seldom  at 
first  realized  to  be  similar  to  the  whole  amount  of  ore  milled  during  the 
life  of  the  mine.  By  placing  the  mill  at  the  month  of  a  main  shaft  sunk 
in  or  about  the  lowest  reef,  all  exjjenses  of  transport  of  ore,  underground 
pillars,  and  most  of  that  connected  with  tailings,  niny  be  conunonly  avoided ; 
banking  and  ore-tipping  expenses  reduced,  the  ;,team  plant  concentrated, 
and  the  cost  of  supplying  milling  water  partly  -educed  liy  utilizing  water 
delivered  from  the  mine.  .t.^^ 

All  engineering  questions  have  in  the  past  been  unfortunately  affected 
by  the  manner  in  which  titles  to  mine  were  acquired  from  the  Govern- 
ment. The  areas  available  for  mining,  milling,  deposit  of  tailings, 
conservation  of  water  and  water-power  where  it  existed,  were  left  open  for 
public  scramble,  except  where  partially  reserved  to  owners  of  farms  which 
had  been  thrown  open  for  public  diggings.  It  thus  sometimes  occurred 
that  one  company  possessed  reef  claims  of  value,  a  second  company  a 
water  right,  a  third  company  a  site  for  miUing  and  depositing  tailings, 
and  so  on,  a  considerable  amount  of  diplomacy  being  required  to  amalga- 
mate the  various  speculative  holdings  and  produce  a  workable  concern. 

Some  exploration  of  the  reefs  at  greater  depths  than  now  in  work  has 
been  made  by  means  of  diamond  rock-drills.  They  have  cut  the  Main 
Reef  series  in  one  instance  at  depths  of  600  to  800  feet,  and  tend  to 
prove  that  the  angle  at  which  the  banket  reefs  lie  decreases  rapidly  to  the 
dip.  The  composition  of  the  ore  and  yield  of  gold  is  found  to  be  not 
materially  altered. 

At  intervals  of  many  miles  across  the  country  to  the  southward,  a  series 
of  reefs  crop  out  (possibly  the  same  series)  under  different  conditions. 
These  bankets  are  fewer  in  number  and  much  thinner,  and  generally 
include  one  thin  bed  of  more  or  less  richness  which  lies  immediately  upon 
a  bed  of  slate,  or  mudstone,  without  intervening  quartzites.  The  whole 
of  this  series  dips  northward,  instead  of  southward  as  on  the  Randt,  and 
at  angles  varying  from  10  degs.  to  50  degs. 

Similar  banket  formations  are  known  to  occur  among  quartzite  form- 
ations at  places  more  than  100  miles  north-east  and  east  of  the  Randt,  but 
whether  of  the  same  age  is  uncertain,  and  in  these  cases,  the  reefs  lie 
about  level. 
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At  the  Duivels  Kantoor,  an  alluvial  field  in  the  Barberton  district,  a 
bed  of  banket  is  found  lying  about  level  under  a  cover  of  quartzite  beds, 
and  yieldino-  many  pennyweights  of  free  gold,  the  ore  being  partly  decom- 
posed ;  under  this  bed  is  a  further  series  of  quartzites  ;  next  a  thicker  bed 
of  banket  of  blue  colour,  yielding  no  free  gold  Init  nmch  pyrites,  as  yet 
iinassayed ;  beneath  this  are  further  quartzite  beds  and  finally  granite  rock, 
tlie  whole  system  being  exposed  by  an'abrupt  declivity  of  more  than  1,000 
feet.  From  this  and  from  the  general  character  of  the  adjoining  country 
there  is  reason  to  hope  that  large  areas  of  pyritic  banket  will  yet  be  found 
at  depths  of  a  few  hundred  feet,  lying  about  level,  and  these,  being  in 
many  cases  overlain  by  coal-seams  in  a  well-watered  country,  will  in  the 
future  support  extensive  industries. 

A  common  impression  obtaiued  by  the  study  of  the  banket  formations 
is  that  the  whole  of  them  were  dep(,~  -xl  in  water  over  an  area  of  slate 
or  mudstone,  which  probably  extended  over  the  whole  table-land  of  the 
Transvaal,  and  had  since  been  broken  up  by  volcanic  action,  tilted  at 
various  angles,  intersected  by  faults  and  dykes,  and  partially  denuded. 

Fossils  are  said  to  have  been  found  in  the  banket,  but  their  origin  is 
uncertain,  and  the  discoveries  being  so  few  and  far  between,  no  reliance 
can  be  placed  upon  them. 

For  many  years  gold  diggers  in  South  Africa  have  searched  for  a  large 
alluvial  field  such  as  the  gi'eat  extent  of  gold-bearing  formations  has  led 
them  to  expect,  but  it  seems  probable  that  the  true  site  of  the  field  has  been 
discovered  here :  the  pay  wash  being  hardened  into  banket  rock  by  super- 
incumbent quartzite  beds. 

A  second  formation  of  alluvial  beds  occurs  on  this  table-land,  uncon- 
formably  deposited  on  the  upturned  edges  of  the  auriferous  formation.  It 
is  curiously  found  as  above  mentioned  to  be  highly  carboniferous.  Tt  is 
not  a  thick  system,  and  contains  few  coal-seams,  but  the  seams  are  of 
considerable  thickness ;  they  lie  almost  level  and  extend  over  large  areas, 
generally  better  covered  on  the  higher  altitudes. 

Coal  and  gold  are  thus  mined  within  a  mile  or  two  of  each  other,  and 
may  yet  be  opened  and  worked  by  one  and  the  same  shaft. 


The  President  moved  a  vote  of  thanks  to  Mr.  Liddell  for  his  paper, 
which  increased  their  knowledge  of  South  African  geology. 
The  motion  was  unanimously  adopted. 


The  Secretary  described  "The  Konig  Differential  Water-Gauge" 
as  follows : — 
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THE  KONia  DIFFERENTIAL  WATER-OtAUOE. 


By  M.  WALTON  BROWN. 


The  Konis^  pressure-gauge  (Fig.  1)  is  a  variety  of  the  U-tul>e  with 
enlarged  vessels  at  the  top  of  each  leg,  in  which  one  vessel  and  one  leg 
or  tulie  is  placed  concentrically  witliin  the  other.  The 
outer  vessel  is  closed  by  a  stopper  fitted  with  two  tubes, 
one  placing  the  outer  vessel  in  connexion  with  (say)  the 
atmosphere,  and  the  second  (being  a  continuation  of  the 
inner  tube)  passing  through  the  stopper  and  placing  the 
inner  vessel  in  connexion  with  (say)  the  air  in  a  fan-drift 
by  means  of  suitable  tubing.  The  instrument  is  made  by 
Dr.  H.  Geisslers'  successors,  Bonn,  and  costs  15s. 

The  value  of  the  apparatus  depends  upon  the  fluids 
used,  it  being  desirable  that  they  should  be  almost  of  the 
same  density,  and  should  not  mix.  Coloured  alcohol  and  oil 
of  turpentine  have  been  used,  but  are  not  very  suitable. 

Red  and  colourless  fluids  (the  red  being  the  lower  one), 
of  which  particulars  are  not  given,  are  suppUed  for  use  with 
the  instrument.  They  appear  to  be  two  different  liquid 
hydrocarbons,  the  red  one  having  a  density  of  0'815,  and 
the  colourless  one  of  0*770. 

It  is  not  absolutely  necessary  that  fluids  of  the  same 
density  should  be  used ;  they  should  not,  however,  readily 
mix,  so  that  the  variation  of  the  position  of  their  division- 
line  may  be  readily  recognized. 

If  V  be  ratio  of  the  area  of  the  inner  vessel  to  that  of 
Fig.  1.  the  inner  tube,  li  the  height  of  a  coluimi  of  water,  and  H 

the  observed  height  in  the  instrument,  then  if  the  fluids  used  have  the 
same  density — 


H 
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Wliere  the  fluids  used  have  different  densities,  e  being  the  lower  one 
and  /  the  upper,  then  if  read  on  one  side  of  zero — 
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and  if  read  on  both  sides  of  zero — 
H  _ 

h  ~ 

e 
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lu  this  instrameut  the  enlargement  of  the  reading  is  ten  times  that 
of  the  ordinary  water-gauge. 

In  preparing  the  instrument  for  use,  after  the  removal  of  the  inner 
glass  tube,  the  enlargement  at  the  bottom  of  the  outer  tube  is  filled  to 
the  point  a  on  the  diagram  with  the  red  liquid  by  means  of  a  pipette,  great 
care  being  taken  that  the  red  liquid  does  not  mix  with  the  colourless  one. 
In  tliis  filling  it  is  important  that  the  colourless  liquid  should  not  get  into 
the  pipette,  and  the  operator  must  avoid  as  much  as  possible  moistening 
the  inner  wall  of  the  outer  tube  with  drops  of  the  red  liquid.  The 
colourless  liquid  should  next  be  poured  carefully  on  to  the  red  coloured 
liquid  until  the  enlargement  of  the  outer  tube  is  filled  to  the  point  b, 
or  about  half  its  height.  Great  care  must  be  taken  at  all  times  to  avoid 
mixing  the  red  and  colourless  liquids. 

A  piece  of  indiarubber  tubing  being  attached  to  tlie  upper  end  of  the 
inner  glass  tube,  ihe  lower  end  is  then  dipped  into  the  outer  tube  already 
filled  with  liquids,  and  carefuUy  lowered  until  the  lower  end  of  the  inner 
tube  is  brought  to  the  point  c.  The  open  end  of  the  rubber  tube  is  then 
placed  in  the  mouth,  and  the  colourless  liquid  drawn  into  the  inner  tube 
until  both  it  and  the  upper  vessel  attached  is  fiUed  to  the  mark  cl,  or  to 
about  three-quarters  of  its  capacity,  with  the  colourless  liquid  only.  The 
indiarubber  tube  is  then  finnly  closed  by  the  teeth  or  otherwise,  the  inner 
tube  is  carefully  lowered  into  position,  and  the  stopper  adjusted. 

To  adjust  the  junction  of  the  fluids  to  the  required  position,  the 
operator  must  blow  into  the  indiarubber  tube  carefully  until  a  few  drops 
of  the  colourless  fluid  pass  out  of  the  inner  tube  into  the  bottom  of  the  outer 
vessel,  and  he  must  then  observe  the  position  of  the  junction-line  when 
equilibrium  is  established.  If  its  position,  which  coiTesponds  to  the  zero 
of  the  scale,  is  stiU  too  low,  a  few  more  drops  of  the  colourless  liquid 
should  be  forced  out,  as  before,  until  the  point  of  contact  of  the  two 
li(.piids  is  in  the  required  position,  somewhere  about  the  point  e.  If  the 
hue  of  junction  is  too  liigh,  then  the  inner  tube  must  again  be  raised  to 
the  point  c,  and  the  whole  operation  repeated.  When  the  apparatus  is 
filled  properly,  the  zero  of  the  sUding  scale  is  adjusted  to  the  junction-line 
of  the  two  fluids. 

The  liquids  must  be  kept  in  the  dark,  and  the  apparatus  when  once 
tilled  should  be  protected  against  direct  sunlight;    for  light  acts  upon 
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them  in  such  a  way  as  to  bring  about  a  change  in  their  nature,  and  as  a 
result  the  instrument  would  in  the  course  of  time  give  lower  readings. 
"When  this  is  the  case  the  colourless  liquid  becomes  yellow,  and  the  glass 
apparatus  must  be  emptied,  cleansed,  and  refilled — at  any  rate  when 
exact  measurements  are  requked. 

In  cleaning  the  apparatus,  after  the  liquids  have  been  pom-ed  out,  the 
glass  tubes  must  be  washed  with  concentrated  sulphuric  acid,  and  the 
sulphuric  acid  afterwards  completely  removed  by  copious  washing  with 
water.  Before  refilling,  the  apparatus  must  be  thorougiily  di'ied,  which 
can  be  effected  by  washing  with  alcohol  and  then  blowing  dry  air  into  it, 
or  by  exposing  it  to  drain  in  front  of  a  fire. 

The  level  of  the  point  of  junction  of  the  fluid  varies  with  changes  of 
temperature ;  consequently  the  scale  must  be  adjusted  before  each  reading. 
It  is  therefore  ad^isable  to  fit  the  instrument  with  a  three-way  tap  attached 
to  the  indiambber  tube,  so  that  the  water-gauge  can  be  connected  ^vith  the 
atmosphere  or  with  the  interior  of  the  vessel  as  required,  and  the  junction- 
Hne  of  the  two  fluids  adjusted  when  requu'ed.  In  making  a  reading,  a 
quarter-turn  of  the  cock  puts  the  water-gauge  in  connexion  with  the 
atmosphere,  and  when  the  depression  has  been  measured,  the  cock  should 
be  turned  back  again,  and  the  instrument  again  put  into  communication 
with  the  atmosphere. 


DISCUSSION  ON  MR.  A.  L.  STEAVENSON'S  "  NOTES  ON  THE 
PRESENT  POSITION  OF  THE  QUESTION  OF  TRANS- 
MISSION OF  POWER." 

Mr.  Claude  Atkinson  wrote  that  at  first  sight  this  paper  ap^jeared 
to  be  a  direct  attack  on  the  use  of  electricity  for  miumg  purposes,  but 
the  author  had  since  stated  that  this  was  not  his  object ;  his  aim  being 
rather  to  point  out  the  misleading  statements  which  had  been  made 
by  electrical  engineers  as  to  the  efficiencies  obtainable  with  electric 
transmission  of  power.  The  whole  matter  was  capable  of  very  easy 
explanation.  In  dealing  with  the  relative  merits  of  various  methods  of 
transmission,  and  pointing  out  the  superiority  of  the  electric,  it  was 
their  practice  to  separate  the  items  involved  m  the  transmission  from 
those  deaUng  with  the  generation  and  utiHzation  of  the  power.  When 
this  was  done,  the  efficiency  of  transmission  by  electric  means  might  truly 
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be  stated  to  be  as  high  as  75  per  cent,  or  higher,  and  it  was  the  practice 
of  the  profession  to  s|5eak  of  "  commercial  "  efficiency  when  all  the  losses 
were  taken  into  account,  as  distinguished  from  the  "  electrical "  or 
'*  mechanical "  efficiencies,  when  these  items  were  taken  separately.  An 
electrical  engineer  was  therefore  in  the  habit  of  speaking  of  the  "  com- 
mercial "  efficiency  of  transmission  when  he  meant  the  ratio  of  the  power 
given  out  at  the  motor  to  that  absorbed  by  the  dynamo,  and  in  doing  so 
he  was  in  accord  with  the  usual  practice  of  engineers.  The  author,  how- 
ever, preferred  to  speak  of  the  "  plant "  efficiency  by  the  name  of  "  com- 
mercial"  efficiency,  meaning  thereby  the  ratio  of  the  actual  work  performed 
to  the  indicated  power  of  the  prime  mover.  In  this  he  was  not  quite 
consistent,  since  the  generation  of  power  did  not  stop  short  at  the  steam 
engine,  but  must  be  carried  back  to  the  boiler  or  the  fire-box,  and  the  true 
"  commercial "  efficiency  was  the  ratio  of  the  power  utilized  to  the  power 
available  in  the  fire-box.  The  fact  was  that  in  deahng  with  the  subject  of 
the  paper,  the  efficiencies  of  transmission  {Le.,  brake  horse-power  of  motor 
divided  by  brake  horse-power  of  engine)  should  alone  be  considered,  and 
the  losses  both  in  the  engine  and  in  the  machine  receiving  power  should  be 
left  out  of  account.  This  would  be  clear  from  a  moment's  consideration. 
It  often  happened,  for  instance,  that  when  plant  was  erected,  say,  at  a 
colHery,  a  large  margin  of  power  was  provided  for  future  contingencies ; 
was  it  desirable  then  to  consider  the  losses  in  an  engine  working  perhaps 
at  one-quarter  of  its  full  load,  and  mix  them  with  the  losses  in  the  trans- 
mitting links  ?  Mr.  Steavenson  dealt  at  some  length  with  the  question 
of  transmitting  power  by  means  of  air,  and  predicted  that  with  ideal 
machinery  good  results  would  be  obtained.  This  might  be  the  case,  but 
unfortunately  engineers  had  to  deal  with  practical  machinery,  and  a  short 
comparison  of  results  might  put  the  matter  on  a  clearer  footing.  It  was 
probable  that  there  was  no  compressed-air  plant  in  existence  which  was 
giving  better  results  than  that  in  Paris,  and,  in  fact.  Prof.  Kennedy,  who 
tested  it  so  thoroughly,  was  at  some  pains  to  compliment  the  engineers 
and  manufacturers  on  the  splendid  results  obtained.  The  following  table 
shows  the  results  obtained  by  compressed  air  and  by  electric  transmissions 
under  similar  circumstances  : — 

Air.  Electricity. 

Per  cent.  Per  cent. 

EfBciency  of  engine      84*5  ...  84'5 

Compressing  cylinder    ...         ...         ...         ...  61"0  ...  !).)'0 

Mains       98-0  ...  85-0 

Motor       51-5  ...  900 

T,  i  •      -  ^           ■    ■      brake  horse-power  motor      _ ,  ,,  „  _  _ 

Ratio  of  transmission  , — - — : —       ol'U         ...         tlu 


brake  horse- power  engine 
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So  high  was  the  efficiency  of  the  electric  compared  with  the  air  method 
that  further  comment  was  needless,  but  that  it  might  be  clear  that  the 
fio-ures  taken  for  the  electric  were  not  overstated,  the  writer  would  just 
point  out  that  a  combined  efficiency  of  engine  and  dynamo  (i.e.  electric 
horse-power  of  dynamo  divided  by  the  indicated  horse-power  of  the 
engine)  of  87  to  88  per  cent,  was  no  uncommon  figure.  In  fact,  the 
greater  efficiency  of  both  dynamo  and  motor  over  compressing  cylinders 
and  air  engmes  was  so  marked  that  with  very  heavy  losses  of  power  in 
the  mains,  which  could  be  avoided,  the  result  with  electricity  was  still 
more  than  double  that  with  air.  The  efficiency  obtained  in  this  case  with 
air  was  81  jier  cent.,  but  it  was  doubtful  whether  more  than  20  to  25 
per  cent,  was  usual  in  practice.  In  drawing  attention  to  the  improvement 
to  be  exjiected  from  isothermal  compression,  Mr.  Steavenson  put  the 
matter  in  rather  a  misleading  light.  He  drew  attention  to  the  fact  that 
isothemial  compression  was  23  per  cent,  more  efficient  than  adiabatic  com- 
pression, and  left  the  statement  in  such  a  way  that  one  drew  the  conclusion 
that  the  efficiency  of  transmission  might  by  this  means  be  raised  from  25 
per  cent,  to  48  per  cent.  A  moment's  consideration,  however,  would  make 
it  clear  that  the  total  saving  in  the  transmission  would  only  l)e  about  8  per 
cent.,  or  in  other  words  the  efficiency  of  the  Paris  transmission  would  only 
be  raised  to  39  per  cent,  if  it  was  assumed  that  during  the  tests  in  question 
the  compression  was  adiabatic ;  but  this  was  not  the  case,  and  it  was 
doubtful  whether  any  alteration  in  the  compressors  or  the  motors  could 
raise  the  results  above  40  per  cent,  so  long  as  the  air  passed  into  the 
motors  without  reheating,  which,  for  mining  work,  was  out  of  the 
question.  The  fact  therefore  remained  that  with  practical  machinery  the 
efficiency  of  electric  transmission  was  nearly  double  that  of  air.  With 
regard  to  the  question  of  safety,  Mr.  Steavenson's  remarks  ^\ii\l  respect  to 
electricity  reminded  the  writer  of  those  made  by  the  supporters  of  gas  in 
New  York  a  few  years  ago.  They  stated  that  within  a  given  period  of 
tune  no  less  than  five  deaths  were  to  be  attributed  to  electricity  :  but  they 
forgot  to  mention  that  dm'ing  the  same  time  250  deaths  resulted  from 
gas.  The  dangers  to  be  expected  from  the  breakage  of  an  electric  cable 
were  depicted  in  vivid  colom's ;  but  no  mention  was  made  of  the  shower  of 
sparks  so  often  seen  when  a  rope  got  off  a  sheave,  or  of  the  advantages 
of  having  one  of  the  axles  of  a  sheave  red-hot — not  a  very  uncommon 
occurrence ;  nor  did  Mr.  Steavenson  refer  to  the  advantages  to  be  claimed 
for  a  fast  running  rope  when  it  came  off  the  sheaves  and  pulled  down 
everything  before  it.  The  writer  remembers  seeing  a  coal -cut  ting  machine 
driven  by  a  rope,  and  can  assure  Mr.  Steavenson  that  he  has  no  desire  to 
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be  in  the  face  with  it  again  when  it  was  off  the  pulleys,  as  it  frequently 
was.  The  fact  was  that  with  either  system  properly  put  up  the  clangers 
were  infinitesimaUy  small. 

IMr.  J.  A.  G.  Eoss  said  'Sh.  Steavenson's  paper  was  a  very  valuable 
contribution  to  the  Transactions  of  the  Institute.  In  the  case  of  the 
transmission  of  power  in  coal-mines,  there  were  many  other  things  to  be 
taken  into  consideration  than  economy.  There  was  the  adaptability  of 
the  system  to  the  particular  objects  of  its  application,  the  safety  of  the 
method  adopted,  and  its  working  cost.  Xo  doubt  electricity  was  an 
efficient  and  simple  method  of  conveying  power  to  a  distance,  but  there 
were  many  objections  connected  with  its  application  in  collieries.  Fu'st, 
there  was  the  objection  to  quick-moving  machinery,  especially  objection- 
able in  coUieries.  It  would  no  doubt  be  well  looked  after  when  introduced, 
but  afterwards  it  might  be  neglected.  Second,  such  machinery  required 
the  attention  of  specially  skilled  and  instructed  workmen.  Thii'd,  its  use 
was  objected  to  in  fiery  mines  on  account  of  the  sparks.  Fourth,  if  an 
electrical  wire  was  severed  or  broken  and  moistm'e  condensed  upon  the 
broken  part,  then  the  electrical  cun'ent  might  electrolyse  the  water ;  that 
is  to  say,  decompose  the  water  into  its  constituent  elements  of  oxygen  and 
hydrogen,  in  the  exact  proportions  necessary  to  produce  a  most  violent 
explosion,  very  much  more  violent  than  that  produced  by  coal-gas  and 
oxygen.  If  a  spark  be  ultuuately  produced,  the  disastrous  results  need 
not  be  depicted  by  him.  He  attributed  to  this  cause  a  recent  explosion 
in  one  of  the  Electric  Light  Company's  junction-boxes  in  Pilgrim  Street, 
Newcastle-upon-Tyne,  in  which  there  was  no  possible  connexion  whatever 
with  the  gas-mains.  He  agreed  with  the  writer  of  the  paper  that  steam 
was  "  quite  out  of  the  mnning"  with  regard  to  the  transmission  of  power, 
and  compressed  air  requu'ed  special  engines.  Hydraulic  transmission  was 
very  effective,  and  the  machinery,  being  of  the  simplest  description,  could 
be  handled  by  any  workman.  He  was  of  opinion  that  one  of  the  most 
convenient  forms  of  power-transmission  referred  to  was  ropes,  but  even 
these  might  break  and  be  disastrous  if  of  wire.  He  thought,  however, 
the  question  of  transmission  by  means  of  hemp  or  maniUa  rope  had  not 
received  the  attention  it  deserved.  It  was  a  simple  and  efficacious  method 
of  transmitting  power,  and  it  could  be  taken  to  intricate  parts  of  the 
mine  without  ingenious  contrivances,  and  in  the  event  of  accident  there 
was  not  the  same  danger  as  from  steel  or  iron  wu'e  ropes.  Its  efficiency, 
as  he  had  tested  it  in  various  applications,  was  very  high  indeed,  very 
simple  and  convenient  in  its  application  and  readily  repaired.  A  com- 
bination of  these  various  methods  would  in  some  cases  be  found  to  be 
the  best. 
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Mr.  A.  L.  Steavexsox  said  lie  had  nothing  further  to  add  to  his 
original  contribution,  but  he  might  now  perhaps  concede  that  electricity 
was  10  per  cent,  better  than  most  of  the  other  systems  of  transmission, 
but  it  was  not  more  than  this  better  than  the  best  of  them.  Xo  doubt 
the  power  was  in  the  motors,  but  they  had  never  been  able  to  get  it  out, 
and  the  electrical  engineers  in  arguing  as  to  the  power  were  somewhat 
like  the  Irishman  who  contended  that  his  purse  was  not  lost,  because  he 
knew  where  it  was,  though  it  was  at  the  bottom  of  the  sea.  Electricians 
often  included  in  their  calculations  items  which  ought  not  to  be  included. 
In  the  results  recorded  at  East  Howie  the  loss  in  throwing  out  the  gearing 
was  included,  and  this  was  really  rendered  necessary  by  the  high  speed  of 
the  motor. 


The  meeting  then  terminated. 
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NORTH  OF  ENGLAND  INSTITUTE  OP  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL   MEETING, 

Held  in  the  Wood  Memortal  Hall,  Newoastle-upon-Ttne, 

Satueday,  June  11th,  1892. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed, 
and  the  Secretary  reported  the  proceedings  of  the  Council. 


The  Secretary  read  the  balloting  list  for  the  election  of  officers  for 
the  year  1892-3. 


The  following  gentlemen  were  elected,  having  been  previously  nomin- 
ated : — 

Honorary  Member — 
Mr.  John  Gerrakd,  H.M.  Inspector  of  Mines,  Wakefield. 

Members— 

Mr.  Arthur  W.  Eastlake.  Civil  Engineer,  Balham,  London. 
Mr.  Robert  Bryham  Mawson,  Mining  Engineer,  Brick  House,  Westleigh, 
near  Manchester. 

Associates — 

Mr.  Edward   Fawcett,  Assistant-Deputy,  Walker  Colliery,  Walker-upon- 

Tyne. 
Mr.  Edward  MacKinlay,  Overman,  East  Stanley  Colliery. 

Students — 

Mr.  Adam  Knowles,  Apprentice  Mining  Engineer,  Westwood,  Ince,  Wigan. 
Mr.  William  Robson,  Mining  Student,  Walker  Colliery,  Walker-upon-Tyne. 
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The  followiug  gentlemen  wero  nominated  for  election  : — 

Membees — 
Mr.  Claude  William  Atkinson,  Civil  Engineer,  22,  Albany  Road,  Ealing,  W. 
Mr.  L.  B.  Atkinson,  Civil  Engineer,  Messrs.  W»  T.  Goolden  &  Co.,  Woodfield 

Works,  Harrow  Road.  London. 
Mr.  A.  G.  Charleton,  Mining  Engineer,  Dovercourt,  Essex. 
Mr.  Edward  Taylor  Cheesman,  Shire  Moor  Collier}',  Northumberland. 
Mr.  Herbert  Cheesman,  Wire  Rope  Manufacturer,  Hartlepool. 
Mr.  Cyril  H.  Dodd.  Manager,  St.  Helen's  Colliery,  Bishop  Auckland. 
Mr,  Joseph  Faulder,  Manager,  Bolton  Colliery,  Mealsgate,  via  Carlisle. 
Mr.  R.  FiSHWiCK,  Binchester  Colliery,  Bishop  Auckland. 
Mr.  Walter    T.    Goolden,    Electrical    Engineer,    28,   Westbourne    Park, 

London,  W. 
Mr.  Geo.  B.  Harrison,  Manager,  West  Hunwick  Colliery,  Hunwick,  R.S.O.. 

Co.  Durham. 
Mr,  Jacob  Carlos  Jones,  Colliery  Manager,  Bellambi,  New  South  Wales. 
Mr.  James  Linday,  Manager,  Bishop  Auckland. 
Mr.  C.  W.  Martin,  Manager,  Murton  Colliery,  via  Sunderland. 
Mr.  A,  DuRY  Mitton,  Manager,  Gordon  House  Colliery,  Cockfield,  Co.  Durham. 
Mr.  Robert  Peel,  Manager,  New  Brancepeth  Colliery,  Durham, 
Mr.  Thomas  Pringle,  Tanfield  Lea  Collieries,  Lintz  Green,  Co,  Durham. 
Mr.  Daniel  Alexander    Wilberforoe    Robertson,    Mining  Engineer, 

Metropolitan  Colliery,  Helensburgh,  near  Sydney,  N.S.W. 
Mr.  D.  W.  RoBSON,  Manager,  Eighton  Lodge,  Low  Fell,  Gateshead-on-Tyne, 
Mr.  James  Henry  Ronaldson,  Mining  Engineer,  Mount  Kembla  Colliery, 

WoUongong,  N.S.W. 
Mr,  Hugh  Ross,  Manager,  Croxdale  Colliery  Office,  Durham. 
Mr.  James  Rowan,  Inspector  of  Collieries,  WoUongong,  N.S.W, 
Mr,  Edward  Marshall  Touzeau,  Civil  Engineer,  Leadenhall  Buildings, 

Leadenhall  Street,  London,  E.C, 

Associate  Members— 

Mr.  B,  T.  A.  Bell,  Secretary  of  the  General  Mining  Association  of  the  Province 
of  Quebec,  Ottawa,  Canada. 

Mr.  William  Patterson,  Front  Street,  Tynemouth. 

Mr.  Charles  Perkins,  Colliery  Owner,  Gallowhill  Hall,  Newcastle-upon- 
Tyne. 

Mr.  James  Todd,  Accountant,  Elvet  Bridge,  Durham. 

Mr.  James  Walton,  Coal  Fitter,  Bebside  Coal  Company,  23,  Queen  Street, 
Newcastle-upon-Tyne. 

Associates — 

Mr.  William  Archer,  Colliery  Manager,  West  Stanley  Colliery,  R.S.O.,  Co. 

Durham. 
Mr.  E.  Hodgson,  Untier  Manager,  Black  Boy  Colliery,  Bishop  Auckland. 
Mr,  William  Johnson,  Manager,  Framwellgate  Moor,  Durham, 
Mr,  R,  G.  Wilson,  Under  Manager,  Pelton  Colliery,  Chester-le-Street, 


Mr.  J.  B.  Simpson  then  delivered  his  presidential  address  as  follows:— 
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PRESIDENTIAL  ADDRESS. 


By  Mr.  J.  B.  SIMPSON. 


I  am  deeply  sensible  of  the  honour  you  conferred  upon  me  in  August 
last  by  electing  me  your  President,  and  the  more  so  when  I  recall  the 
names  of  distinguished  men  who  have  preceded  me  in  this  position. 

Although  I  had  been  a  member  of  your  Council  for  thirty-two  years, 
still,  when  the  responsible  post  of  presiding  at  your  meetings  devolved 
upon  me  I  approached  the  duties  with  diffidence,  for  I  fully  recognized 
the  importance  of  the  office.  It  has,  however,  been  my  endeavour,  with 
the  kind  aid  of  the  Council,  to  so  fill  the  office  that  I  may  hand  to  my 
successor  the  position  of  President  with  its  honourable  surroundings  in 
no  respect  diminished. 

The  custom,  so  far,  has  been  for  the  President  to  give  an  address 
during  his  term  of  office,  but  it  seems  to  me  that  year  by  year  the  diffi- 
culty of  finding  a  theme  which  has  not  already  been  ably  dealt  with 
increases.  In  my  case  especially  this  obtains,  for  I  find  that  in  the  Trans- 
actions of  the  Federated  Institution  of  Mining  Engineers,  during  the  last 
two  years  there  have  been  no  fewer  than  five  presidential  addresses  which 
have  dealt  with  the  various  branches  of  mining  engineering  coming 
within  our  scope,  and  it  therefore  appears  hopeless  to  attempt  to  draw 
your  attention  to  anything  which  has  not  been  discussed  in  some  form  or 
another  at  your  meetings. 

The  comparison  of  the  early  condition  of  mining  with  that  of  the 
present  period,  and  the  presaging  of  what  it  may  ultimately  become,  are 
favourite  subjects,  and  there  appears  no  alternative  for  me  but  to  follow 
on  the  same  lines  as  my  predecessors,  and,  in  addition,  to  endeavour  as 
forcibly  as  I  can  to  urge  upon  all  the  members  of  the  Institute  the 
promotion  of  the  humane  and  other  objects  for  which  the  Institute  was 
formed  ;  or,  in  the  words  of  our  first  rule,  viz. : — "To  meet  together  to 
discuss  the  means  for  the  ventilation  of  coal  and  other  mines,  the  winning 
and  working  of  collieries  and  mines,  the  prevention  of  accidents,  and  the 
advancement  of  the  sciences  of  mining  and  engineering  generally." 

You  are  probably  aware  that  this  Institute  was  formed  in  1852, 
after  the  serious  loss  of  life  which  was  caused  by  an  underground 
explosion  at  Seaham  Colliery.  During  the  first  year  its  members  numbered 
113,  of  whom  I  regret  to  say  only  eight  or  nine  now  remain  on  our  list, 
the  remainder  having,  with  few  exceptions,  been  removed  by  death. 
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Previous  to  1852  the  only  society  which  had  existed  with  the  same 
humane  objects  for  its  chief  consideration  was  "  A  Society  for  Preventing 
Accidents  in  Coal-Mines,"  instituted  in  1813,  and  holding  its  meetings  in 
Sunderland.  It  was  under  the  patronage  of  the  Duke  of  Northumberland, 
the  Marquis  of  Bute,  the  Bishop  of  Durham,  Lord  Percy,  Sir  Matthew 
White  Ridley,  the  Rev.  Robert  Gray,  Dr.  Clanny,  John  Buddie,  M.  Dunn, 
the  Rev.  J.  Hodgson,  and  many  others. 

Mr.  John  Buddie,  at  the  request  of  the  society,  in  1813,  made  a  report 
to  them  explaining  the  condition  of  mining,  etc.  He  concluded  his 
report  in  the  following  words : — "  On  the  strength  of  my  own  expe- 
rience ...  I  freely  hazard  my  opinion  that  any  further  application  of 
mechanical  agency  towards  preventing  explosions  in  coal-mines  would 
be  ineffectual,  and  therefore  conclude  that  the  hopes  of  this  .society  ever 
seeing  its  most  desirable  object  accomplished  must  rest  upon  the  event  of 
sonie  method  being  discovered  of  producing  such  a  chemical  change  upon 
carburetted  hydrogen  gas,  as  to  render  it  innocuous  as  fast  as  it  is  dis- 
charged, or  as  it  approaches  the  neighbourhood  of  lights.  In  this  view 
of  the  subject,  it  is  to  scientific  men  only  that  we  must  look  up  for  assist- 
ance in  provitling  a  cheap  and  effectual  remedy." 

Sir  Humphry  Davy  was  fortunately  appealed  to,  and  in  1815  visited 
the  north  to  gain  some  knowledge  of  the  conditions  under  which 
inflammable  gas  was  found,  and  generally  to  master  the  subject  of  the 
requisites  for  safety.  When,  on  leaving,  he  said  to  Mr.  Buddie,  from 
whom  he  had  got  all  the  information  he  wanted,  "  I  think  I  can  do  some- 
thing for  you,"  Mr.  Buddie  looked  at  him  with  considerable  doubt. 

However,  in  a  few  months,  Sir  Humphry  Davy  did  produce  a  lamp 
which  was  destined  to  make  a  great  revolution  in  mining,  and  to  add 
greatly  to  the  development  of  the  coal  trade.  In  1816  this  society  was 
broken  up,  as  it  was  thought  that  its  objects  had  been  accomplished  by 
the  invention  of  the  safety-lamp.  Whatever  we  may  think  of  the  wisdom 
of  breaking  up  so  important  a  society,  we  must  admit  that  it  had 
achieved  a  triumph  which  has  seldom  been  the  fortune  of  any  society  to 
accomplish  in  so  short  a  time ;  and  Mr.  Buddie,  who  before  had  expressed 
himself  so  despairingly,  afterwards  wrote,  "  I  first  tried  the  lamp  in  an 
explosive  mixture  on  the  surface,  and  then  took  it  into  a  mine,  and  to  my 
astonishment  and  delight  it  is  impossible  for  me  to  express  my  feelings  at 
the  time  when  I  first  suspended  the  lamp  in  the  mine  and  saAV  it  red  hot. 
If  it  had  been  a  monster  destroyed  I  could  not  have  felt  more  exultation 
than  I  did.  I  said  to  those  around  me,  '  We  have  subdued  the  monster.'" 
Sir  Humphry  Davy  accompanied  Mr.  Buddie  into  some  of  the  fiery  mines, 
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and  saw  his  lamp  in  actual  use,  and  was  delighted  ;  and  Mr.  Buddie 
expressed  himself  as  "  overwhelmed  with  feelings  of  great  gratitude  to 
that  great  genius  which  had  produced  it." 

Mr.  Buddie  spoke  feelingly,  and  his  colliery  diaries,  which  were  kept 
up  daily  and  with  great  exactness,  give  graphic  details  of  his  own  frequent 
hairbreadth  escapes,  and  the  difficulties  which  the  viewers  of  those  days 
had  to  encounter  from  inflammable  gas.  The  present  generation  can 
hardly  realize  the  arduous  conditions  of  mining  before  the  invention  of 
the  safety-lamp. 

No  invention  that  we  have  had  since  the  application  of  steam  for  the 
draining  of  our  mines  and  for  the  winding  of  coal  gave  to  the  coal  trade 
and,  I  may  add,  to  the  industries  of  the  country,  so  great  a  stimulant. 

Time  will  not  allow  me  to  go  into  any  length  as  to  those  difficulties, 
but  to  consider  one  of  them,  let  us  imagine  our  fiery  mines  now  having 
to  be  lighted  by  the  flickering  sparks  from  the  old  flint-and-steel  mill 
(which  sometimes  produced  explosions),  and  we  may  easily  imagine  how 
restricted  would  be  our  output  of  coal. 

Our  Mining  Institute,  as  well  as  others  of  a  similar  character,  has  done 
quiet  work  in  gradually  educating  the  mining  community  in  the  principles 
and  practice  of  mining,  and  has  in  many  ways  assisted  very  largely  the 
development  of  mining.  Still  we  can  hardly  expect  our  institutions  to 
be  the  means  of  effecting  so  much  in  so  short  a  time  as  that  accomplished 
by  the  Sunderland  society. 

From  statistics  supplied  to  the  Royal  Coal  Commission  in  1871, 1  find 
that  in  Northumberland  and  Durham  about  60  per  cent,  of  the  coal  was 
worked  where  safety-lamps  were  used,  based  on  the  principles  laid  down 
by  Sir  Humphry  Davy  ;  and  I  think  that  it  may  be  estimated  that  now 
throughout  the  whole  of  the  country  one-half  of  the  quantity  of  coal 
annually  raised  could  not  be  produced  without  a  safety-lamp. 

I  have  no  reliable  statistics  to  show  what  was  the  number  of  deaths 
from  explosions  about  the  time  of  the  invention  of  the  Davy  lamp,  but  it 
is  gratifying  to  know  that  during  the  existence  of  our  Mining  Institute 
(no  doubt,  to  some  extent,  through  its  efforts,  coupled  with  Govern- 
ment inspection,  and  with  greater  care  being  taken  by  all  parties  connected 
with  the  management,  including  the  workmen)  the  loss  of  life  from 
explosions  has  been  very  much  decreased.  One  life  per  annum  was  lost 
by  explosion  for  each  993  men  employed  during  the  average  of  five  years 
ending  1855;  and  now  1  life  is  lost  from  the  same  cause  for  each  7,000 
men  employed,  the  average  yearly  loss  under  this  head  being  231  during 
five  years  ending  1855,  and  132  at  the  present  time.  But  the  number 
of  persons  employed  has  increased  from  229,468  to  590,091. 
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Time  will  not  allow  me  to  go  more  largely  into  the  subject  of  the 
invention  of  the  safety-lamp,  which  is  a  matter  now  of  ancient  history. 
Still  it  contains  a  lesson  for  all  of  us  in  these  days,  and  esjiecially  for  the 
younger  members  of  the  mining  profession,  to  work  in  a  field  where  much 
remains  to  be,  and,  no  doubt,  can  be  accomplished. 

There  are  still  difficulties  in  mining  to  overcome,  and  we  may,  like 
the  old  Sunderland  society,  call  in  the  aid  of  science  to  assist  our  practical 
endeavours  for  the  farther  advancement  of  mining  knowledge ;  and  I  now 
propose  to  ckaw  attention  to  a  few  of  the  more  obvious  desiderata  to 
which  this  consideration  would  apply,  the  great  object  bemg  to  lessen 
the  number  of  fatal  and  other  mining  accidents,  and  to  give  greater  economy 
in  the  working  of  our  coal.  I  will  bring  these  matters  before  you  under 
various  heads. 

Safety-lamps,  Explosives,  and  Coal-dust. 

Since  the  days  of  Clanny,  Davy,  and  Stephenson,  who  were  the  first 
inventors,  their  lamps  have  undergone  many  modifications.     In  their  day 
there  was  great  controversy  between  the  friends  of  Sir  Humphry  Davy  and 
those  of  George  Stephenson.  There  is  no  doubt  that  they  were  both  working 
at  the  same  time,  but  on  rather  different  lines :  Davy  went  into  the  matter  in 
a  purely  scientific  way,  and  Stephenson  proceeded  on  more  mechanical  and 
practical  lines.    I  think  we  may  accept  the  opinion  of  the  late  Mr.  Nicholas 
"Wood,  who,  from  his  friendship  for  Stephenson,  might  have  been  more 
partial,  viz.,  that  they  should  be  considered  as  parallel  inventors.    There  can 
be  no  doubt,  however,  that  Dr.  Clanny  was  the  first  man  to  produce  a  lamp 
enclosing  a  light  which  was  safe  in  an  inflammable  mixture.     The  original, 
however,  was  not  portable  enough,  but  afterwards  he  produced  a  lamp 
which,  with  the  Davy  and  Stephenson,  is  the  foundation  of  all  the  lamps 
now  in  use.     The  various  other  lamps  which  ha^■e  been  brought  out  are 
so  well  known  to  you  that  it  is  not  necessary  to  mention  them.      The 
improvers  of  recent  yeare  have  had  in  view  the  production  of  a  lamp 
which  will  be  able  to  withstand  the  high  velocities  of  air  cui-rents  which, 
in  Davy's  day,  were  not  met  with.     Many  of  these  varieties  of  lamps  are 
absolutely  safe  in  an  explosive  mixture,  but  in  currents  of  great  velocity, 
and  in  other  conditions,  are  not  quite  rehable,  so  that  we  still  want  some- 
thing more  perfect.    Electricians  are  working  out  the  problem,  and  it  is 
to  them  we  must  look  for  some  new  invention  which  will  commend  itself 
to  our  adoption,  not  only  in  giving  us  an  absolutely  safe  lamp  under  all 
conditions,  but  one  which  will  also  be  the  means  of  indicating  the  percentage 
of  inflammable  gas  where  the  lamp  is  actually  in  use. 

We  now  come  to  consider  another  want  in  connexion  with  mines 
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producing  inflammable  gas.  Gunpowder  has  been  in  use  for  many 
centuries  in  blasting  coal  and  stone  in  mines,  but  we  know  that  the 
production  of  flame  at  the  moment  of  the  explosion  of  gunpowder  may 
(if  gas  be  present  in  quantities,  either  in  the  normal  condition  of  the 
mine  or  in  the  abnormal  state  where  a  fissure  or  bag  of  gas  or  a  blower 
may  be  met  with)  produce  serious  fire-damp  explosions. 

There  are  now  many  varieties  of  explosives  to  take  the  place  of  gun- 
powder, which  are  claimed  by  their  inventors  to  be  flameless.  The  mining 
world  has  not  quite  accepted  these  dicta,  but  they  are  doing  all  they  can 
by  experiments  to  find  out  the  truth.  Your  Institute  has,  as  you  may  be 
aware,  an  influential  committee  at  work,  with  power  to  purchase  apparatus, 
make  experiments,  etc.,  and  the  members  are  making  a  series  of  experi- 
ments which,  I  have  no  doubt,  when  completed,  will  be  of  great  value 
and  interest  to  all  miners. 

The  next  point  with  regard  to  the  prevention  of  explosions  is  the  part 
wliich  coal-dust  plays  in  connexion  with  them.  Mining  engineers  and 
scientific  men  are  much  divided  on  the  subject.  All  admit  that  coal-dust 
in  dry  and  fiery  mines  has  the  effect  of  intensifying  the  serious  nature  of 
an  explosion.  There  are  othei's  who  say  that,  given  a  certain  percentage 
of  gas,  or  even  no  gas  at  all,  if  you  have  a  blown-out  shot  or  a  heavy 
shot,  you  may  have  an  explosion. 

I  do  not  feel  at  the  moment  called  upon  to  offer  an  oi)inion  on  this 
subject,  as  the  Royal  Commission  that  is  now  sitting  will,  on  the 
completion  of  the  valuable  evidence  which  is  i)laced  before  it,  be  able  to 
form  an  opinion  based  upon  the  best  evidence  that  can  be  had,  which  will 
also  he  a  most  valuable  contribution  to  our  knowledge  of  the  subject,  and 
which  may  enable  us  to  take  such  measures  as  will  still  farther  lessen  the 
number  of  accidents  by  explosion. 

Ventilation. 

Before  leaving  the  (|uestion  of  the  safe  working  of  mines  where  fire- 
damp exists,  I  must  briefly  draw  attention  to  what  has  been  done  in  this 
direction. 

Except  in  very  deep  mines  we  seldom  now  have  the  ventilation  effected 
by  furnaces,  yet  I  think,  until  about  thirty  years  ago,  there  were  not  more 
than  two  or  three  mines  in  the  country  where  mechanical  ventilation 
had  been  adopted.  Now  it  is  the  exception  to  find  it  absent.  It  is 
unnecessary  to-day  to  add  a  word  in  favour  of  mechanical  ventilation. 
For  the  great  progress  which  it  has  made  in  this  country  I  think  our 
IMining  Institute  must  claim  some  credit,  and  I  hardly  think  justice  has  yet 
been  done  to  the  laboure  of  Messrs.  Atkinson,  Cochrane,  Morrison,  Steaven- 
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son,  and  others,  whose  papers  read  before  the  Institute,  and  the  part  they 
took  in  the  discussions  thereon,  led  to  the  ahnost  universal  adaptation  of 
mechanical  ventilation  in  this  country.  In  connexion  with  ventilation, 
as  well  as  in  the  other  mechanical  arrangements,  we  still  look  for  some- 
thing better,  our  great  demand  being  large  volumes  of  air  and  more  useful 
effect  from  the  power  produced. 

Some  years  ago  we  had  a  committee  who  reported  on  the  principal 
ventilators  then  in  use,  but  as  several  new  ones  have  been  brought  out 
since  that  time,  another  committee  has  been  appointed;  and  we  expect 
shortly  to  have  from  it  a  report  which  will  put  us  in  possession  of  the 
results  of  the  various  exj^eriments  they  have  made,  and  enable  us  to 
compare  the  now  numerous  kinds  of  ventilators. 

Loss  OF  Life  in  Mining. 

We  have  no  reliable  statistics  of  the  loss  of  life  in  mines  previous  to 
1850,  when  the  Act  for  the  inspection  of  mines  came  into  operation,  but 
there  is  no  doubt  that  the  greatest  percentage  of  the  loss  was  the  result  of 
the  explosions  of  lire-damp.  About  the  period  of  the  formation  of  our 
Mining  Institute,  the  loss  from  explosions  was  23*4  per  cent,  of  all  the 
losses,  and  from  other  causes  76'6  per  cent.  At  present  the  loss  from 
explosions  is  12"9,  and  other  causes  87*1  jier  cent.  The  general  facts  may 
be  stated  broadly,  as  follows: — That  in  1853  the  annual  loss  from  all 
causes  was  985  ;  and  in  1891,  979  ;  but  at  the  latter  period  Ave  produced 
about  three  times  the  amount  of  mineral  raised  in  1853 ;  or  in  other 
words,  there  was  1  person  killed  in  1853  for  60,000  tons  of  coal  worked, 
whilst  in  1891  it  was  217,000  tons,  and  the  loss  of  life  was  reduced  from 
1  in  233  to  1  in  662  persons  employed. 

These  figures  are,  no  doubt,  gratifying,  and  compare  favourably  with 
some  branches  of  industry.  The  loss  of  life  at  sea  was,  from  the  Govern- 
ment statistics,  in  the  year  1889,  1  for  each  92  persons  employed,  there 
having  been  1,502  fatalities  out  of  162,992  persons  employed.  And  for 
railway  servants  we  find  that  for  the  year  1890  the  loss  was  1  in  694 
persons  employed,  or  499  persons  killed  for  346,426  employed.  In  the 
United  States  of  America  this  loss  was  1  in  300. 

We  should  have  thought  a  railway  servant  was  much  less  exposed  to 
risk  than  a  miner,  but  the  statistics  show  that  the  two  employments 
in  this  country  have  about  the  same  risk  attending  them. 

We  are  at  present  dealing  with  mining,  without  reference  to  any  other 
trade  or  industry,  and  we  must  not  relax  our  efforts  in  endeavouring  to 
reduce  the  loss  of  life  still  farther.  The  most  fertile  source  of  accident  is 
from  falls  of  stone  from  the  roofs  and  sides  of  the  mine,  and  the  percent- 
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age  of  loss  from  this  cause  was,  in  1853,  37'4,  and  in  1891,  45-2.  This 
shows  an  increase  in  this  respect,  but  taking  into  consideration  the 
number  of  persons  employed  in  the  respective  periods,  we  have  the  loss  of 
1  in  623,  reduced  to  1  in  1,362,  and  in  the  year  1891  itself  we  find  but 
476  deaths  from  the  above  cause,  and  only  51  deaths  from  explosions  of 
fire-damp. 

The  Government  Inspectors  of  Mines  are  drawing  particular  attention 
to  this  class  of  accidents,  with  a  view  of  passing  more  stringent  measures, 
but  before  this  is  done  I  think  more  information  should  be  obtained  with 
reference  to  the  cause  of  these  accidents.  In  giving  evidence  in  1886 
before  the  Royal  Commission  on  Accidents  in  Coal-Mines,  I  drew  atten- 
tion to  the  fact  that  "  the  loss  of  life  varied  very  greatly  in  various  dis- 
tricts, and  that  some  investigation  seemed  to  me  necessary  to  find  out  the 
cause  of  the  difference,  and  that  there  must  be  something  in  the  nature 
of  the  seams  in  one  district  which  was  not  in  another,  or  there  might 
be  something  in  the  method  of  inspection,  the  deputy  system  as  com- 
pared with  the  men  setting  their  own  timber,  and  there  might  be  some- 
thing in  the  methods  of  working,  and  in  other  conditions." 

The  variation  in  the  different  inspectors'  districts  of  the  country  then 
was  1  death  in  7o8  to  1  death  in  1,532,  the  average  being  1  in  1,022. 
This  variation  I  find  still  exists,  and  for  last  year  the  highest  death-rate  is 
1  in  893,  and  the  lowest  1  in  2,040,  the  average  being  1  in  1,362. 

I  am  afraid  the  investigation  of  so  large  a  subject  is  one  which  our 
Mining  Institute  could  hardly  grapple  with,  for  it  would  mean  an  exact 
analysis  of  each  accident  that  takes  place  to  ascertain  whether  it  was 
caused  by  negligence  on  the  part  of  the  management,  either  in  the  general 
method  of  working,  and  its  effect  on  the  securing  of  the  roofs  and  sides, 
or  in  the  details  of  timljering,  or  negligence  on  the  part  of  the  workmen, 
or  whether  it  was  an  accident  which  no  reasonable  precaution  or  fore- 
thought could  prevent. 

I  must,  however,  leave  the  consideration  of  this  subject  for  further 
discussion,  merely  adding  that  as  there  are  now  not  only  the  greatest 
number  of  fatal  accidents  per  annum,  but  the  greatest  percentage  from 
this  cause,  I  hope  some  of  our  members  will  give  us  some  papers  on  the 
subject,  and  in  this  way,  and  by  discussion,  discover,  if  possible,  whether 
any  precautions  or  remedies  can  be  suggested  to  lessen  the  fatalities  under 
this  head. 

Without  making  I'eference  to  the  other  miscellaneous  accidents  making 
up  the  total  sum,  I  shall  now  leave  the  question  of  the  safety  of  mining 
and  draw  attention  to  some  points  where  there  appears  room  for  ccouomy 
and  improvement. 
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UXDERGROUXD    HaULAGE. 

A  great  item  in  the  cost  of  working  coal  is  that  of  its  conveyance 
from  the  face  to  the  shaft.  lu  the  majority  of  collieries  this  consists  of 
three  distinct  operations : — 

1. — The  conveyance  of  coal  from  the  face  to  the  point  where  the  main 
horse  roads  or  self-acting  inclined  planes  end.  This  work  is  generally 
done  by  hand-putters,  or  by  jwnies,  and  may  be  taken  at  an  average  cost 
of  3^d.  per  ton.  This  being  only  for  a  distance  of  about  150  yards  seems 
at  fii-st  sight  an  enormous  rate  and  equal  to  3s.  id.  per  ton  per  mile.  Of 
course,  you  are  all  well  aware  that  this  great  cost  is  caused  from  the  fact 
that  each  tub  or  tram  has  to  be  conveyed  separately  from  so  many  points 
by  tortuous  routes.  The  cost  becomes  somewhat  cheaper  when  you  have 
large  tubs  and  the  operation  performed  by  ponies  where  they  can  be 
introduced  without  having  to  pay  too  much  to  make  extra  height. 

In  the  working  of  thin  and  steeply-inclined  seams  where  boys  have  to 
do  this  work,  not  only  is  it  very  costly,  but  the  nature  of  the  employment 
is  most  arduous,  and  on  these  grounds  I  think  it  is  worthy  of  some 
great  efforts  being  made  to  mitigate  the  extent  of  the  evil. 

Probably  some  adaptation  of  endless-rope  haulage  may  be  devised 
which  would  be  capable  of  a  daily  extension  without  much  expense  or  diffi- 
culty. This  would  be  more  easily  done  where  the  longwall  system  is  in 
operation,  and,  of  couree,  would  be  more  difficult  where  the  bord-and- 
pillar  system  is  worked.  The  task  is  beset  with  difficulty,  but  the  greater 
credit  will  attach  to  the  inventor  of  some  airangement  which  will  effect 
the  object  indicated. 

2. — The  conveyance  of  the  coal  from  the  statitm  to  which  the  hand- 
01  pony-putters  have  conveyed  it,  and  the  haulage  thence  by  horses  or 
self-acting  inclined  planes  to  the  engine-plane  landing.  Assuming  the 
distance  to  be  500  yards,  we  may  take  the  cost  of  this  haulage  at  about 
lM.  jx-r  ton,  or  7d.  per  ton  per  mile.  The  lessening  of  this  cost  seems  quite 
as  difficult  as  in  the  former  case. 

3. — The  conveyance  of  the  coal  from  the  termination  of  the  last 
haulage  to  the  shafl  by  means  of  engine-planes. 

TVe  may  estimate  an  average  distance  for  this  of  about  a  mile,  and 
we  may  take  the  cost  at  l|d.  per  ton. 

Summarizing  the  costs  of  these  three  different  haulages  : — 

Putters         ..,     3|<1.  a  ton  for  150  yaixis. 
Hoi-ses  ...     2d.  ,,  .500      „ 

Engine-plane      l^d.        „        1.760      ,. 

A  total  of       7d.  ,,        2,410      „ 
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or  about  5il.  per  ton  per  mile.  This  estimate  has  reference  more  partic- 
ularly to  haulage  in  seams  under  4  feet  high. 

It  includes  labour  and  the  cost  of  keeping  ponies  only,  but  nothing  is 
included  for  any  materials,  coals,  or  ropes,  etc. ;  nor  is  anything  charged 
for  the  interest  on  first  cost,  nor  allowance  for  depreciation.  If  all  these 
costs  were  added  together  we  should  probably  get  a  total  cost  of  something 
like  Is.  per  ton ;  and  this  amount  seems  a  heavy  proportion  of  the  cost  of 
producing  coal,  especially  when  we  have  a  selling  price  of  only  is.  6d.  a 
ton  at  the  pit's  mouth. 

I  am  aft'aid  I  cannot  suggest  in  what  way  this  can  be  cheapened,  but 
there  does  seem  to  me  some  room  for  economy,  and  this  must  be  my 
excuse  for  drawing  particular  attention  to  it.  How  far  the  application  of 
electricity  may  affect  any  portion  of  the  cost  of  haulage  when  employed 
either  in  the  way  of  actuating  ordinary  hauling  engines  or  by  an  electric 
locomotive  or  otherwise,  we  have  not  yet  had  sufficient  experience 
to  enable  us  to  arrive  at  any  definite  conclusion,  but  I  think  ere  long 
electricians  will  assist  us  in  the  conveyance  of  mineral  underground,  both 
in  economy  and  efficiency. 

We  have  had  many  papers  on  engine-plane  haulage,  and  a  report 
also  on  the  subject  by  a  committee  of  the  Institute,  but  we  have  never 
had  any  papers  on  the  other  two  items  of  haulage  by  horses  and  by  hand- 
or  pony-putters,  and  I  would  suggest  that  some  of  the  members  should 
take  up  this  subject,  and  no  doubt  good  would  result  therefrom. 

The  Transmission  of  Power  Underground  for  the  various 
Purposes  of  Pumping  Water,  Haulage,  Coal-cutting,  etc. 

This  portion  of  mining  work  has  had  a  great  share  of  the  attention 
of  our  Institute  lately,  and  even  now  occupies  a  foremost  place.  The 
recent  papers  which  we  have  had  by  Mr.  Henry  Palmer  and  Mr.  D.  Selby 
Bigge  advocating  the  use  of  electric  machinery  for  the  purpose,  taken 
in  conjunction  with  a  most  valuable  contribution  by  Mr.  A.  L.  Steaven- 
son,  have  enabled  us  to  see  the  great  strides  which  the  application  of 
electricity  is  making.  Large  plants  have  been  recently  erected  for  the 
purpose,  and  especially  one  at  Lord  Durham's  collieries,  which,  I  under- 
stand, is  capable  of  exerting  200  horse-power  for  the  pm'pose  of  hauling 
and  pumping. 

In  a  fiery  mine  (where  the  electric  cables  and  the  motors  must  be  put 
in  positions  where  they  might  come  in  contact  with  inflammable  gas) 
mining  engineers  will  hesitate  before  adding  other  elements  of  danger. 
The  so-called  "  safety  "  mining  cable  and  "  safety "  motors  introduced 
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by  Messrs.  Goolden  &  Co,  and  Messrs.  Charleton  &  Co.  may,  as  they 
claim  for  them,  be  appUcable  without  the  slightest  fear  of  sparking  from 
the  accidental  breaking  of  the  cable  or  from  the  brushes  of  the  motors 
themselves,  but  I  feel  sure  that  mining  engineers,  who  are  always  willing 
to  accept  and  use  any  improvements,  will  in  this  case  be  very  sceptical 
until  absolute  experiment  has  satisfied  them  that  the  desired-for  result  has 
been  obtained.  We  nmst,  however,  applaud  all  these  attempts  for  a 
solution  of  the  difficulty,  and  will  hail  with  the  greatest  satisfaction  any 
improvement  which  will  allow  us  to  safely  use  power  in  the  distant 
places  of  a  fiery  mine  by  such  an  easily  applied  vehicle  as  a  copper  wire. 

Compressed  air. for  deep  and  fiery  mines  possesses  great  ad^'antages, 
but  its  coefficient  of  useful  effect  being  only  about  30  to  40  per  cent., 
and  its  heavy  cost,  militate  against  its  more  general  use,  excepting  in 
places  where  no  other  means  can  be  applied. 

In  South  Wales  especially  it  is  very  largely  used,  and  at  Harris's 
Xavigation  Collieries  the  compressing  engine  on  the  surface  has  two 
steam  cylinders  of  45-inches  diameter  each.  The  compressed  air  is  taken 
down  a  shaft  of  370  fathoms  depth,  and  works  no  fewer  than  twenty 
engines  situated  at  difi"erent  places  in  the  workings.  The  engines  have 
pairs  of  cylinders  from  7  to  20  inches  in  diameter,  and  are  used  for  the 
purpose  of  pumiiing  and  hauling. 

Steam  conveyed  down  shafts  for  pumping  and  hauling  engines  is  very 
common,  but  for  use  for  long  distances  underground  it  is  very  seldom 
applied,  and  then  only  for  a  few  hundred  yards.  This  (luestion  of  the 
transmission  of  power  is  so  important  that  I  would  venture  to  suggest  that 
our  Institute,  either  alone  or  in  co-operation  with  the  Federated  Insti- 
tution of  Mining  Engineers  should  appoint  a  Committee  to  investigate  the 
great  systems  of  power-transmission — (1)  by  steam  ;  (2)  by  ropes;  (3)  by 
compressed  air ;  (4)  by  electricity ;  (5)  by  petroleum  and  gas  engines ; 
and  (6)  by  other  means  ;  and  if  the  experiments  were  earned  out  on  the 
same  lines  as  those  followed  by  the  committee  of  this  Institute  on  the 
underground  haulage  of  coal,  we  may  rest  assured  that  we  should  l:»e  able 
to  get  much  more  relial)le  comparati\'e  results  than  we  at  present  possess. 

The  substitution  of  machinery  for  hand-labour  in  hewing  coal, 
although  introduced  many  years  ago,  does  not  seem  to  have  made  much 
progress.  One  of  the  great  difficulties  in  the  way  of  its  adoption  is  the 
transmission  of  the  power  to  the  face  of  the  workings  where  the  machinery 
is  applied.  In  non-fiery  mines,  at  any  rate,  the  solution  of  this  difficulty 
seems  to  be  almost  overcome  by  the  application  of  electricity :  and  I  have 
no  doubt  that  we  shall  soon  find  that  the  mechanical  arrangements 
necessary  for  lessening  the  most  arduous  work  of  the  miner  in  thin  and 
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hard  seams  and  cheapening  its  cost  will  be  an  accomplished  fact.  We 
may  also  look  forward  to  the  lessening  and  cheapening  of  the  labour  of 
drilling  holes  in  coal  and  stone  being  possible  when  a  general  system  of 
electrical  transmission  of  power  is  adopted. 

Greater  Economy  in  the  Use  of  Steam. 

The  great  quantity  of  coal  consumed  in  the  production  of  steam  for 
the  working  of  our  mines  is  a  most  serious  question. 

Without  much  fear  of  contradiction  I  shall  be  safe  in  estimating  that 
about  5  per  cent,  of  the  total  output  is  used  in  this  way,  and  over  the 
production  of  the  country  for  last  year  of  about  180,000,000  tons,  there 
would  thus  be  9,000,000  tons  used  for  this  purpose.  A  great  deal  must 
be  said  in  defence,  that  at  collieries  inferior  coal  and  small  coal,  almost 
unsaleable,  is  frequently  used.  In  former  days  the  small  coal  was  burnt  in 
heaps  at  the  collieries,  and  it  was  estimated  in  about  the  year  1824  that 
about  1,000,000  tons  of  coal  were  annually  burnt  in  these  monster  bonfires 
in  Northumberland  and  Dm'ham.  Another  point  is,  that  many  of  the 
engines  in  use  are  veiy  small,  and  often  some  distance  from  the  boiler. 
Allowing,  however,  for  all  this,  I  think  w^e  are  more  wasteful  than  we 
ought  to  be.  In  other  branches  of  industry  where  coal  has  to  be  purchased 
more  economy  is  practised.  In  steam  ships  especially  is  this  so,  and  I 
quote  from  a  paper  by  Mr.  Seaton  on  the  development  of  the  marine 
engine  in  which  he  says  that:  "In  15  years  the  speed  of  steamships 
carrying  passengers  has  been  increased  from  30  to  40  per  cent.,  the  con- 
sumption of  coal  per  horse-power  has  been  decreased  from  20  to  30  per 
cent.,  or  say  on  an  average  25  per  cent.,  the  cost  of  a  horse-power  has 
been  decreased  by  almost  a  similar  amount,  in  some  cases  it  is  but  half 
of  what  it  was  in  1875,  and  the  safety,  comfort,  and  conveyance  of  the 
travelling  public  has  been  enhanced  instead  of  sacrificed." 

In  colliery  engines  I  can  hardly  say  that  we  have  made  such  a  marked 
progress,  but  still  in  some  of  them  there  has  been  a  consideral  )le  improve- 
ment during  the  last  few  years.  In  winding  engines  some  few  have 
been  erected  on  the  compound  principle,  and  others  have  l)een  fitted  up 
with  expansion  gear  to  suit  the  varying  load  in  the  shaft,  and  in  deep  shafts 
conical  or  compensating  drums  ha^•e  been  used  with  great  advantage. 

In  1874,  I  had  the  pleasure,  in  a  paper  which  I  read  before  this 
Institute,  of  making  a  comparison  of  the  various  types  of  pumping  engines 
in  this  district,  and  showed  that  the  Cornish  engine,  which  had  just  been 
introduced,  gave  the  most  economical  results.  Since  that  time,  the  only 
engine  which  has  surpassed  it  in  economy  of  fuel  has  been  that  at 
Throckley,  which  is  a  vertical  compound  beam  rotative  engine  of  the 
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London  "Waterworks  type.  The  duty  attained  by  this  has  been  about 
1  lb.  ixY  horse-power  per  hour  less  than  that  of  the  Cornish  engine. 

Horizontal  compound  engines,  working  bell-cranks,  have  been  largely 
introduced  in  recent  years,  and  no  doubt  are  very  convenient,  but  I  should 
doubt  whether  they  have  reached  the  duty  of  the  Cornish  engine.  It 
seems  to  me  that  if  the  cylinders  were  jacketed  and  arrangements  made 
for  superheating  the  steam  as  it  passes  from  the  high-pressure  to  the  low- 
pressure  cylinder,  and  a  fly-wheel  added,  we  might  expect  a  higher  duty. 

Triple  expansive  Worthington  engines  are  being  applied  with  great 
success  in  the  London  Waterworks,  and  their  adaptation  to  collieries 
will  soon  follow  both  for  surface  and  underground.  The  application  of 
underground  horizontal  compound  jiumping  engines  of  various  types 
during  recent  years  has  been  very  extensive,  there  being  many  obvious 
advantages  from  it.  Taking  steam  down  shafts  in  pijjes  is  no  doubt 
attended  with  great  loss,  and  from  my  own  exj^erience  with  this  class  of 
engine,  I  think  a  duty  of  5  or  6  lbs.  per  horse-jjower  is  all  that  has  been 
attained.  A  considerable  economy  might  be  effected  if  a  higher  pres- 
sure of  steam  were  used. 

Generally,  we  may  sum  up  this  part  of  my  subject  by  saying  that  to 
ensure  greater  economy  in  the  use  of  steam  requires,  in  the  fii-st  instance, 
greater  expenditure  in  the  machineiy  put  up.  Engines  should  be  fitted 
up  to  work  expansively  or  on  the  compound  or  triple  type,  with  jacketed 
cylinders,  and  steam  pipes  well-clothed,  to  prevent  radiation.  Boilei-s  should 
be  covered  in  and  worked  at  a  higher  pressure,  and  we  should  have  more 
of  them,  so  that  they  would  be  driven  less  quickly,  and  we  would  get  more 
perfect  combustion,  resulting  in  a  lessened  consumption  of  fuel.  Another 
point  would  also  be  gained :  there  would  be  less  black  smoke  sent  out  of 
our  chimneys. 

During  the  last  few  yeai"s  there  have  been  great  improvements  made 
in  the  screening  and  separating  of  our  coal.  By  the  application  of 
machinery  not  only  can  the  coal  be  better  cleaned  and  separated  into 
different  sizes  and  kinds,  but  the  cost  of  the  operation  is  decreased.  We 
have  several  papers  on  this  subject,  notably  by  Mr.  Simon  Tate  and 
Messrs.  T.  E.  Forster  and  H.  Ayton.  In  a  short  time  there  vdW  he  few 
collieries,  in  this  district  at  any  rate,  where  mechanical  screening  will  not 
be  generally  adopted. 

Technical  and  Scientific  Education. 

It  will  not  be  out  of  place  at  this  point  to  consider  for  a  few  moments 
the  better  education  for  those  having  the  charge  of  mines. 

It  is  not  my  intention  to  discuss  the  question  of  technical  and  scien- 
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tific  education,  but  I  think  we  are  all  agreed  that  at  any  rate  a  certain 
amount  is  necessary  for  all  persons  employed  in  mines,  more  especially 
for  our  overmen,  engineers,  underviewers,  and  managers.  In  the  first 
volume  of  our  Transactions  there  is  a  record  of  a  meeting  held  in  Septem- 
ber, 1853,  at  which  I  had  the  good  fortune  to  be  present.  This  principle 
was  then  admitted,  and  the  subject  of  the  establishment  of  a  school  of 
mines  and  science  was  introduced  by  the  then  President  (the  late  Mr. 
Nicholas  Wood), 

An  interesting  discussion  took  place,  in  which  the  late  Mr.  Robert 
Stephenson  took  part,  and  I  cannot  do  better  than  quote  a  few  of  his 
remarks.  He  said: — "The  object  of  all  such  institutions  should  be  to 
make  practical  men  scientific  to  a  certain  extent,  I  do  not  mean  that 
overmen  and  underviewers  should  be  exclusively  scientific  men,  but  they 
should  be  made  conversant  with  the  abstract  principles  of  science.  I 
think  it  is  the  right  end  to  begin  with,  to  attempt  to  make  practical  men 
scientific,  rather  than,  as  Government  attempts,  to  make  scientific  men 
practical.  You  will  say  perhaps  it  is  easy  enough.  No  such  thing ;  the 
principles  of  science  are  simple,  but  the  art  of  practice  is  exceedingly 
difficult.  You  nnist  labour  to  obtain  it,  for  it  is  only  l)y  actual  labour 
that  even  the  highest  scientific  attainments  can  be  brought  to  bear 
artificially  in  practice." 

His  remarks  have  as  much  force  uow  as  they  had  then,  or  even  more. 
The  question  of  a  Mining  College  was  continually  brought  before  us,  but  it 
was  not  until  1871,  during  the  presidency  of  the  late  Mr.  E.  F,  Boyd,  and 
largely  through  his  exertions  and  influence  with  the  Dean  and  Chapter  of 
Durham,  and  with  the  hearty  co-operation  of  the  present  Dean  of  Durham, 
that  the  College  of  Physical  Science  was  founded,  and  became  part  of  the 
University  of  Durham, 

This  year  the  College  has  attained  its  majority,  and  as  our  Mining 
Institute  had  so  much  to  do  with  its  initiation  it  may  l^e  neither  un- 
interesting nor  unprofitable  to  consider  what  progress  it  has  made. 

The  College  commenced  in  a  small  way  with  only  eight  teachers  and 
173  students.  The  lectures  were  given  in  the  Mining  Institute  building, 
in  rooms  ill-adapted  for  the  purpose.  The  subjects  taught  were  mathe- 
matics, physics,  chemistiy,  geology,  mechanical  di-awing,  French,  and 
German,  to  which  natural  history  was  subsequently  added. 

In  1879  your  representatives  of  the  Mining  Institute  felt  that  the 
time  had  arrived  when  mining  should  be  taught,  and  they  urged  the 
necessity  of  the  appointment  of  a  professor  of  mining.  This  was  agreed 
to,  and  with  the  pecuniary  aid  of  the  Northumberland  and  Durham  coal 
trades,  a  chair  of  mining  was  founded  in  1880,  the  duties  appertaining  to 
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which,  from  that  time  to  the  present,  have  been  most  ably  carried  out  by 
Professor  Merivale. 

The  requirements  of  the  College  soon  exceeded  the  accommodation, 
but  it  was  not  until  1886  that  the  Council  felt  justified  in  purchasing 
ground  near  the  Barras  Bridge,  and  beginning  the  erection  of  college 
buildings  ;  and  in  1888  the  first  wing  was  opened  by  Her  Koyal  Highness 
the  Princess  Louise,  Marchioness  of  Lome,  the  foundation  stone  having 
been  laid  in  June,  1887,  by  Sir  W.  G.  (now  Lord)  Armstrong,  C.B. 

The  students  of  all  classes  in  the  sessions  of — 
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And  I  am  informed  that  for  the  present  session  the  number  will  exceed 
2,000,  while  there  are  more  than  30  members  on  the  teaching  staff.  The 
College  authorities  feel  that  the  time  has  now  arrived  when  the  second 
wing  should  be  added.  Many  more  subjects  are  taught  than  formerly, 
such  as  agriculture  and  engineering,  and  lectm-ers  are  sent  into  the 
neighbouring  towns  and  villages  to  give  instruction  in  the  various  sub- 
jects. Over  400  lectures  were  deUvered  by  the  College  last  winter  in  60 
towns  and  villages  of  Northumberland  and  Durham.  Short  evening 
courses  are  also  given  for  the  pm-pose  of  preparing  students  for  the 
certificated  colliery  managers'  examination. 

In  the  new  wing,  it  is  intended  to  place  the  engineering  departments, 
and  it  is  hoped  that  in  the  mining  department  it  will  be  possible  to  collect 
the  necessary  mining  books,  models,  etc.,  to  illustrate  in  an  efficient  way 
the  lectures  which  will  be  given.  There  is  no  doubt  that  the  College  is 
now  doing  a  large  amount  of  educational  work,  and  at  a  moderate  cost  a 
thorough  training  in  science  can  there  be  obtained ;  or,  if  a  similar  com-se  is 
required  by  colliery  officials  or  iuteUigent  workmen,  they  can  have  it  in 
the  evening  at  a  rate  which  is  within  the  reach  of  all.  It  is  estimated 
that  about  £20,000  will  be  necessary  to  complete  the  buildings  now 
required,  of  which  only  £8,000  has  been  collected. 

The  College  authorities  are  now  appealing  to  the  Mining  Institute  to 
assist  them  either  in  raising  the  money  required  (more  especially  as  the 
wing  to  be  built  is  to  be  devoted  mainly  to  engineering  and  mining),  or 
in  the  hope  that  the  members  will  use  their  influence  in  gaining  the 
pecuniary  assistance  of  aU  who  are  hkely  to  benefit  by  the  facilities  offered 
to  those  in  charge  of  their  works  (in  their  various  grades)  of  learning 
the  scientific  principles  upon  which  their  practical  and  daily  work  is  based. 
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I  may  add  that  we  owe  a  del)t  of  gratitude  to  the  professors  of  the 
College  for  the  great  service  they  have  rendered  to  our  Institute  in  the 
reading  of  papers,  and  for  the  readiness  with  which  they  have  made,  at 
our  request,  investigations  and  experiments  on  various  subjects.  I  there- 
fore think  we  may  show  our  appreciation  of  their  labours  (always  willingly 
accorded)  by  helping  them  to  farther  increase  the  facilities  for  the 
scientific  and  technical  education  of  the  district. 

Conclusion. 

I  have  now  pointed  out  briefly  and  imperfectly  some  of  the  chief 
points  which  seem  to  me,  even  in  the  present  advanced  state  of  mining 
knowledge,  to  demand  the  attention  of  all  those  connected  with  mining. 
There  is  no  doubt  that  great  improvements  have  been  made  and  we  have 
every  reason  to  be  proud  of  them. 

Callon,  a  French  writer,  says :  "  Even  at  the  present  day,  in  spite  of 
the  progress  realized  by  industry  in  so  many  different  directions,  a  large 
mine  in  full  work,  with  its  apparatuses  for  pumicing  and  winding,  its 
means  of  ventilation,  its  machines  for  raising  and  lowering  the  workmen, 
and  for  dressing  the  minerals,  offers  one  of  the  most  remarkable  specimens 
of  human  activity  and  its  triumph  over  matter." 

Mining  science  will  no  doubt  still  farther  advance.  In  this  century 
we  have  seen  how  much  mining  has  benefited  by  the  application  of  steam 
and  the  use  of  the  safety-lamp,  and  we  may  prophesy  that  in  the  remainder 
of  this  century  and  during  the  next,  still  greater  advantages  and  develop- 
ments will  inevitably  result,  especially  from  the  supplementary  aid  of  the 
mysterious  and  mighty  power  of  electricity. 

In  conclusion,  T  must  appeal  to  the  members  of  this  Institute  to 
endeavour  to  keep  up  its  prestige.  It  is  very  satisfactory  to  know  that  at 
present  there  is  no  lack  of  papers,  and  the  interest  taken  in  their  discussion 
shows  that  the  members  are  still  evincing  their  desire  for  a  continuance 
of  its  welfare.  I  trust  we  will  all  endeavour  (and  especially  I  must  ask 
the  younger  members)  to  carry  out  the  prime  intention  of  the  originators 
of  the  Institute  to  its  fullest  extent,  which  we  may  take  to  mean  that 
we  should  do  aU  we  can  to  advance  the  sciences  of  mining  and  mechanical 
engineering,  taking  for  our  motto  "safety,  economy,  and  efficiency," 
with  the  great  object  in  view  of  endeavouring  to  be  foremost  in  promoting 
the  advancement  of  that  great  industry  on  which  the  prosperity  of  this 
country  so  much  depends,  and  which  during  the  past  has  so  materially 
added  to  the  comforts  of  mankind  and  the  civiUzation  of  the  world. 
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Mr.  Emerson  Bainbridge  proposed  a  vote  of  thanks  to  the  President 
for  his  very  able,  instructive,  and  interesting  address.  When  he  heard 
that  his  old  friend  ^Ir.  Simpson  was  going  to  give  his  presidential 
address  that  day,  he  made  a  special  effort  and  came  from  Yorkshire  to 
attend  the  meeting,  feeling  sure  that  so  practical  a  man  would  bring 
forward  some  very  practical  points,  and  they  would  all  agree  with  hun 
that  he  had  not  been  disappointed.  Mr.  Simpson  was  thoroughly 
practical,  and  not  only  had  he  given  them  food  for  reflection  in  the 
various  fields  to  which  he  had  alluded  in  his  address,  Init  lie  had  pointed 
out  a  number  of  subjects  for  future  papers,  to  which  it  was  to  be  hojxid 
members  would  be  swift  to  res^wnd,  and  bring  out  farther  many  of  the 
interesting  points  referred  to.  There  were  one  or  two  points  of  the 
address  he  (Mr.  Bainbridge)  would  like  to  allude  to.  One  of  these 
questions  was  underground-haulage.  About  twenty-five  years  ago  he 
had  the  honour  of  acting  on  the  committee  which  made  the  report  on 
haulage  named  by  the  President,  a  committee  comprising  many  gentle- 
men whom  he  was  pleased  to  see  present  that  day  and  under  whose 
du'ection  he  acted.  One  system  barely  alluded  to  in  that  report  was 
now  a  well-known  one,  viz.,  the  slow-moving  endless-rope  with  a  clip 
attachment  to  the  tubs.  He  remembered  that,  although  he  spent  nearly  a 
year  in  that  work,  he  found  scarcely  a  single  illustration  of  that  system, 
but  it  had  now  progressed  more  than  any  other.  In  some  mines  in  the 
south  of  England,  especially  steep  mines,  they  were  able  to  develop  the 
longwall  to  the  dip  in  such  a  way  (impossible  twenty-five  years  ago)  as 
to  reduce  Mr.  Simpson's  estimate  of  7d.,  as  the  cost  of  the  transport  of 
coal,  to  about  Id.  This  was  only  possible  where  there  were  incline-planes 
worked  direct  by  head-rope  so  as  to  bring  the  tubs  direct  from  the  face 
to  the  shaft.  On  the  very  important  question  of  falls  of  roof  there 
seemed  to  have  been  very  little  progress  in  the  course  of  years,  and  a  very 
large  number  of  accidents  were  still  due  to  this  cause.  In  the  Midland 
counties  they  had  developed  a  system — the  adoption  of  steel  props  on  a 
very  large  scale  for  supporting  the  roofs.  He  had  several  mines  under  his 
chorge  where  some  £4,000  or  £5,000  worth  of  steel  girders  were  in  use 
instead  of  timber,  with  the  threefold  advantage  of  (1)  surer  support ;  (2) 
less  space  occupied ;  and  (3)  permanency  of  the  material.  One  found  in 
speaking  on  such  an  address  at  least  twenty  subjects  worthy  of  comment, 
and  he  thought  they  should  give  their  very  best  thanks  to  their  President 
for  his  most  interesting  address. 

Mr.  A.  L.  Steavenson  rose  with  diffidence  to  second  the  vote  of 
thanks,  not  from  any  want  of  goodwill,  but  owing  to  the  presence  of  so 
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many  older  members  than  himself,  and  of  several  Past-Presidents.  His 
(Mr.  Steavenson's)  interest  and  appreciation  of  the  Institute  since  he 
became  a  member  in  1854  had  been  very  great,  and  continued  to  be  so. 
He  had  heard  every  President's  address,  except  Mr.  Nicholas  Wood's  in 
1852,  and  so  far  as  he  possibly  could  he  had  attended  every  general 
meeting,  and  he  could  particularly  enforce  the  recommendation  of  the 
President  that  they  should  endeavour  to  keep  up  tlie  prestige  of  the 
Institute.  There  could  be  no  doubt  on  this  point  so  long  as  they  had 
presidents  to  give  such  addresses  as  they  had  heard  that  day ;  he  also 
hoped  that  the  members  would  do  their  share  in  maintaining  its  prestige 
by  attending  the  general  meetings  and  taking  part  in  the  proceedings. 
No  one  liked  to  prepare  a  paper  and  read  it  to  empty  benches,  so  he  would 
press  upon  them  all  to  attend  not  only  for  their  own  good  but  also  to 
support  the  readers  of  papers.  He  had  very  great  pleasure  in  seconding 
the  vote  of  thanks  proposed  to  the  President  for  his  admirable  address. 

The  proposal  was  carried  with  hearty  acclamation. 

The  President  thanked  the  members  for  their  kind  approval,  and 
especially  Mr.  Bainbridge  and  Mr.  Steavenson  for  their  kind  expressions 
respecting  his  address.  He  had  endeavoured  to  produce  an  address 
which  might  elicit  thought  afterwards.  The  figures  he  had  quoted  might 
perhaps  not  give  satisfaction  to  all,  but  he  would  like  that  all  the  better 
because  it  would  promote  discussion,  especially  on  the  cost  of  under- 
ground haulage  to  which  he  had  particularly  referred.  He  wished  to  thank 
the  members  for  their  large  attendance  that  day,  and  for  the  kindness 
with  which  they  had  received  him,  and  this  would  be  an  incentive  to  him 
to  endeavour  to  perform  the  duties  of  his  position  to  the  end  of  his  term 
of  office.  During  his  long  connexion  with  the  Institute  he  had  always 
felt  it  a  pleasure,  as  well  as  a  duty,  to  attend  its  meetings,  and  he  had 
derived  great  instruction  from  the  papers  read  from  time  to  time.  He 
was  sure  all  the  younger  members,  if  they  would  attend  regularly  and 
read  papers,  would  derive  great  advantage  from  their  meetings.  He 
thanked  them  all  most  sincerely  for  their  kind  approval. 


Mr.  R.  J.  Charleton  read  the  following  paper  on  "A  Safety 
Appliance  for  Preventing  Risk  of  Explosions  in  Mines,  consequent  on 
Injury  to  Cables  conveying  Electric  Currents"  : — 
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A  SAFETY  ArPLIAXCE  FOR  PREVEXTIXG  RISK  OF  EXPLO- 
SIONS IX  MIXES,  COXSEQUEXT  OX  IXJURY  TO  CABLES 
COXVEYIXG  ELECTRIC  CQRREXTS. 


By  R.  J.  CHAELETOX. 


Considering  the  increasing  use  of  electricity  for  transmission  of  power 
in  mines,  and  seeing  what  great  advantages  it  possesses  over  all  others, 
especially  where  the  distances  are  great,  there  is  one  question  connected 
with  it  which  is  of  grave  interest  to  owners  and  managers,  and  all  respon- 
sible for  the  safety  of  workings  and  workers.  This  paper  is  an  attempt 
to  answer  the  question  of  the  safety  or  otherwise  of  introducing  this 
method  of  transmission  into  mines  where  risk  of  explosion  exists  or  is 
apprehended,  as  far  at  least  as  regards  one  of  the  elements  of  danger.  As 
to  its  being  a  complete  and  conclusive  answer,  opinions  may  differ.  All 
that  need  be  said  is,  that  it  is  an  attempt  to  grapple  with  the  difficulty, 
and  is  placed  l)efore  you  on  its  merits. 

It  may  be  assumed  that  explosi\-e  mixtures  of  gas  may  be  fired  by 
various  means  due  to  the  use  of  electric  cuiTents.  Leaving  out  other 
possible  sources  of  danger,  this  paper  will  be  confined  to  that  arising  from 
the  fracture  of  cables,  and,  incidentally,  to  risk  caused  by  sp.u'king  at 
switches.  To  combat  this  danger  and  this  risk,  Mr.  Henry  Walker  and 
the  wi'iter  have  devised  the  apparatus  here  shown,  which  will  now  be 
described.     (See  Figs.  I  and  2,  Plate  XXXY.) 

The  apparatus,  which  may  be  enclosed  in  a  locked  case,  is  fixed  in 
the  dynamo  room  or  other  convenient  place,  and  consists  of  a  solenoid  B, 
in  which  is  suspended  by  a  spring  or  other  means  the  core  A.  The 
solenoid  is  wound  with  two  coils  in  opposite  directions,  carrying  currents 
of  equal  strength,  so  that  they  neutralize  each  other  and  thus  exert  no 
action  on  the  core.  The  wires  with  which  the  solenoid  is  wound  are 
continued  throughout  the  whole  length  of  the  circuit  and  cany  a  small 
proportion  of  the  current,  though  insulated  from  the  main  conductor,  or 
run  quite  apart  from  it  altogether  if  found  advisable.  In  case  of  one 
of  these  small  wires  being  Ijroken  the  current  is  at  once  cut  off  from  the 
solenoid  coil  which  forms  part  of  it.  The  balance  is  thus  disturbed, 
the  opposite  coil  comes  into  action,  the  core  is  drawn  down,  and  the 
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contact-piece  F  sliort-circnits  the  terminals  G  G.  Then  the  main  current 
or  a  portion  of  it  is  diverted  and  flows  round  the  electro-magnet  E,  and 
actuates  the  switch  D  by  releasing  the  catch.  Should,  however,  there 
be  any  delay  in  the  action  of  the  switch,  the  ordinary  fuzes  H  H  in 
the  main  circuit,  which  are  used  in  all  installations,  burn  out,  and  the 
current  ceases  to  flow.  It  will  not  be  often  that  this  latter  contingency 
occurs,  for  the  action  of  the  switch  is  instantaneous  if  kept  in  proper 
order,  and  the  fuzes  have  not  time  to  melt  before  the  current  is  switched 
off.  This  has  been  proved  by  actual  experiment.  Whichever  way  the 
current  is  cut  off  there  will  be  no  sparking  or  flashing  at  the  point  where 
the  wire  is  broken  for  reasons  to  he  hereafter  explained. 

Imagine  yourselves  now  in  the  pit  near  the  point  where  from  some 
cause  or  other  a  fracture  of  the  conductor  is  supposed  to  occur.  The 
conductors  may  be  carried  in  various  ways.  They  may  have  a  straight 
wire  (a  continuation  of  the  solenoid  wire)  running  through  each,  and  the 
remainder  of  the  wires  coiled  in  the  ordinary  way  outside — ordinary 
cables,  in  fact,  with  an  insulated  core  wire  in  each.  When,  in  con- 
sequence of  a  fall  of  mineral  or  from  some  other  cause,  a  great  strain  on 
the  conductors  takes  ]ilace,  the  inner  wire,  being  weaker  than  the 
remainder  taken  in  the  aggregate,  and  also  being  straight  and  unyielding 
while  they  are  slightly  spiral  and  therefore  liable  to  give,  will  be  broken, 
and  the  apparatus  at  bank  will  come  into  action  and  sw'itch  off  the  cur- 
rent. The  conductors,  again,  may  be  arranged,  as  shown  by  Fig.  1,  in 
the  form  of  an  ordinary  concentric  cable  with  the  core  wire  insulated 
and  a  second  single  wire  carried  outside.  In  this  case  the  small  outside 
wire  B  from  the  way  in  which  it  will  be  fixed  will  inevitably  be  broken 
first  in  case  of  accident,  and,  again,  the  apparatus  will  come  into  action. 
This  latter  is  the  system  recommended,  as  both  have  been  tried,  and  it 
has  been  found  to  be  the  best  and  most  certain. 

There  may  be  other  variations  in  the  method  of  running  the  cables, 
but  in  all  cases  the  principle  is  adopted  that  the  action  of  the  apparatus 
depends  upon  the  likelihood  of  the  weakest  part  of  the  conductor  break- 
ing before  the  stronger,  and  as  the  current  that  this  weak  wire  caiTies  is 
only  a  small  portion  of  the  whole,  there  will  be  no  flashing  when  it  is 
suddenly  diverted  into  the  main.  To  this  principle  we  would  wish  to 
draw  your  particular  attention. 

Having  described  the  main  features  of  the  safety  appliance,  some 
of  the  incidental  advantages  that  it  possesses  may  now  be  pointed  out. 
In  the  first  place,  it  affords  a  convenient  and  ready  means  of  switching  off 
the  current  and  stopping  the  whole  of  the  machinery,  either  from  in-bye 
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or  any  point  near  the  path  of  the  conductors.  This  can  be  effected 
by  placing  a  small  switch  in  one  of  the  extended  solenoid  wires.  This 
switch  '.vill.  'vithoiit  ^parkinj^,  c^use  the  apparatus  at  bank  to  work  and 
switch  off  the  main  current.  Next,  the  apparatus  acts  equally  well  in 
case  of  accident  whether  there  are  one  or  more  motors,  which  is  a  distinct 
advantage.  Then  it  is  easily  and  cheaply  adjusted  after  a  breakdown ;  it 
cannot  be  tampered  with,  the  whole  of  the  working  parts  being  locked 
up;  and  it  can  be  readily  tested  as  to  whether  it  is  in  working  order 
or  not  by  means  of  the  small  switches  placed  near  the  solenoid.  Turning 
one  of  these  has  the  same  effect  as  breaking  the  small  wire  in  any  part  of 
the  circuit.  Lastly,  but  not  least,  it  is  inexpensive,  the  cost  being  little 
above  that  of  an  ordinary  installation. 


Mr.  Llewelyn  B.  Atkinson  wrote  that  he  had  read  Mr.  Charleton's 
paper,  which  called  for  some  comment  from  him,  as  the  principle  of  a 
system  of  safety-cables  described  in  the  paper  was  invented  and  first 
described  by  him  (Mr.  Atkinson).  The  principle  of  the  cable  described 
by  Mr.  Charleton  consists  in  the  use  of  two  conductors,  one  of  which  is 
relatively  elastic,  so  that  in  the  event  of  the  cable  being  broken,  one  con- 
ductor is  broken  before  the  other,  and  this  operating  cut-out  devices  at 
the  surface,  or  in  a  position  where  a  spark  is  not  of  importance,  discon- 
nects the  source  of  electric  supply  from  the  cables.  This  construction  of 
cables  was  introduced  by  himself  in  February,  1891,  and  was  exhibited 
by  Prof.  Sylvanus  Thompson,  in  his  lecture  to  the  British  Association 
at  Cardiff,  in  the  autumn  of  the  same  year.  It  was  further  described  and 
discussed  at  a  meeting  of  this  Institute  in  a  paper  read  by  Mr.  D.  Selby 
Bigge  in  February  of  the  present  year.*  He  therefore  thought  that  Mr. 
Charleton  might  have  mentioned  that  the  an-angements  described  in  his 
paper  were  not  the  first  attempts  to  overcome  the  difficulty  which  he 
was  also  endeavouring  to  solve. 

Mr.  Chaeleton,  replying  to  Mr.  Atkinson's  letter,  said  that  as  far 
as  the  principle  of  the  cables  themselves  was  concerned,  there  was  no 
novelty  in  either.  A  well-known  firm  of  cable  manufacturers,  in  a 
letter  to  the  GolUenj  Guardian,  of  April  1st,  1892,  pointed  out  that  they 
had  made  similar  cables  many  years  before.  The  novelty  and  improve- 
ments he  claimed  were  in  the  other  parts  of  the  apparatus,  especially  in 
the  double  solenoid. 

The  President  asked  if  the  proposed  apparatus  had  been  practically 

applied  in  any  colliery  ? 

*  See  page  278. 
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Mr.  Charleton  said  that  his  safety  arrangement  liad  not  been  tried 
in  a  colliery,  but  it  had  been  tested  under  similar  circumstances.  It  had 
not  yet  been  tested  in  the  presence  of  an  explosive  mixture  of  gases,  but 
they  hoped  to  do  so  shortly.  In  reply  to  Mr.  G.  B.  Forster,  he  explained 
that  a  fall  of  roof  would  not  break  the  wires  in  such  a  way  as  to  cause 
any  danger  from  sparks.  The  thick  concentric  cable  was  attached  loosely, 
and  the  thin  pilot  wu'e  was  fixed  rigidly  to  the  cable  supports,  so  that  in 
case  of  a  fall  of  stone  the  thin  wire  was  practically  certain  to  break  before 
the  stouter  cable,  and  if  there  was  only  the  y^^  of  a  second  interval  there 
would  be  no  sparking. 

Mr.  G.  B.  Forster  pointed  out  that  the  danger  of  fracture  would  be 
minimized  by  putting  the  cables  below  the  surface. 

Mr.  E.  Bainbridce  said  the  falls  of  roof  in  collieries  were  probably 
more  serious  than  Mr.  Charleton  contemplated. 

Professor  J.  H.  Merivale  thought  the  point  was  not  as  to  the  extent 
of  the  fall,  but  whether  the  smaller  wire  would  break  first. 

Mr.  Charleton  said  that  repeated  experiments  had  been  made  with 
the  two  cables,  with  the  result  that  the  small  pilot  wire  in  each  trial  broke 
first,  and  the  apparatus  came  into  action. 

Mr.  W.  C.  Blackett  said  the  experiments  seemed  to  show  that  in 
practice  there  would  be  no  spark,  but  was  this  borne  out  in  theory  ? 

Mr.  Charleton  said  that  theoretically  there  would  be  a  very  slight 
spark,  but  seeing  that  the  current  conveyed  in  the  small  pilot  wire  would 
be  but  a  small  proportion  of  the  whole  current,  it  might  be  possible  to 
hear  the  spark,  but  it  would  not  be  large  enough  to  be  seen,  and  not  suffi- 
cient to  ignite  an  explosive  mixture  of  gas  and  air. 

The  President  moved  a  vote  of  thanks  to  the  author,  which  was 
unanimously  agreed  to. 


Mr.  Wm.  J.  Orsman  read  the  following  paper  on  "  The  Detonation  of 
High  Explosives  by  Percussion": — 


19U  DETONATIOX  OF  HIGH  EXPLOSIVES  BY  PERCUSSION. 


THE  DETONATION  OF  HIGH  EXPLOSIVES  BY  PERCUSSION. 


By   W.   J.   ORSMAN,    F.I.C..   F.C.S. 


According  to  the  latest  authorities,  percussion  is  the  blow  received 
when  a  body  is  struck  between  hard  surfaces,  or  by  another  body 
moving  with  a  very  high  velocity ;  whilst  concussion  is  the  shock  delivered 
by  transmission  through  air  or  other  medium  intervening  between  the 
body  and  the  source  of  disturbance. 

The  following  experiments  were  undertaken  to  ascertain  how  far  the 
decomposition  of  explosives  was  affected  by  percussion,  and  the  difference 
between  such  explosion  and  true  detonation. 

There  is  a  vast  difference  between  ordinary  explosion  and  detonation  ; 
in  ordinary  explosion  there  are  certain  elements  having  great  chemical 
affinity  for  one  another,  packed  closely  together,  which,  on  the  applica- 
tion of  heat,  combine  with  evolution  of  a  volume  of  gas  enormously  greater 
than  the  volume  of  the  original  substance,  and  this  volume  of  gas  again 
is  largely  expanded  by  the  heat  produced ;  whilst  detonation  may  be 
effected  in  bodies  in  which  the  elements  are  already  combined,  for 
instance,  acetylene,  cyanogen,  carbon  bisulphide,  and  the  oxides  of 
nitrogen  and  chlorine.  Prof.  Thorpe*  had  shown  that  if  0*05  gramme 
of  mercuric  fulminate  be  exploded  in  an  atmosphere  of  carbon  bisulphide, 
the  latter  is  split  up  into  the  elements  of  carbon  and  sulphur,  the  sulphur 
being  deposited  in  the  upper  portion  of  the  vessel,  and  the  carbon  settling 
near  the  bottom.  This  fact  is  used  to  support  M.  Berthelot'sf  theory  of 
the  nature  of  the  change.  The  shock  of  the  explosion  communicated  to 
the  layer  of  gaseous  molecules  in  immediate  proximity  to  the  fulminate  an 
enormous  active  force,  whereby  the  molecular  edifice  was  shaken  to  pieces ; 
and  the  initial  active  force  was  augmented  to  a  degree  corresponding  with  the 
heat  evolved  by  the  decomposition  of  the  gas.  A  new  shock  was  thereby 
produced  in  the  next  layer,  and  the  action  was  continued  and  so  propagated 
until  the  molecular  system  was  completely  destroyed. 

In  the  explosion  of  certain  compounds  there  may  be  simple  detonation, 
that  is,  the  compound  is  split  up  into  the  elements,  such  elements  remain- 

*  Chemical  Society  Joximal,  vol.  cccxviii.,  pp.  220-3. 
f  Bull.  Soc.  C/rim.,  vol.  xxxviii.,  pp.  5-8. 
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ing  separate  and  not  combining  together  again;  or  there  may  be  detonation, 
and  the  resulting  elements  having  great  affinity  for  each  other  immediately 
re-combine  and  so  augment  the  force  of  the  explosion. 

The  next  point  to  be  considered  is,  the  means  by  which  the  explosive 
wave  producing  detonation  may  be  best  initiated.  All  that  is  necessary 
is  that  the  pressure,  and  therefore  the  temperature,  should  rise  to  a 
sufficient  value  at  any  one  point  of  the  mass.  With  certain  bodies,  for 
instance,  fulminate  of  silver  and  iodide  of  nitrogen,  the  elemen  .o  are  so 
loosely  held  together  that  the  slightest  pressure  is  sufficient  to  cause 
detonation ;  but  the  ease  with  which  the  explosive-wave  is  established  is 
fatal  to  their  use  as  detonation  agents,  for  the  wave  is  unable  to  start  the 
detonation  of  bodies  which  are  easily  detonated  by  fulminate  of  mercury, 
in  which,  owing  to  its  great  density,  the  energy  expended  per  unit  volume 
is  enormous. 

This  paper  is  intended  to  deal  with  the  (luestion  as  relating  to  explo- 
sives in  general  use,  and  the  annexed  list  shows,  in  decreasing  order,  the 
susceptibility  of  the  following  bodies  to  explosion : — 

1.  Nitroglycerine    compounds,   comprising   dynamite,   gelignite, 
blasting-gelatine,  carbonite,  etc. 
II.  Nitro-cotton,  including  cotton-powder,  tonite,  etc. 
III.  Ammonia  powders,  including  roburite  and  ammonite. 

With  the  first  class,  15  grains  of  mercuric  fulminate  are  ample  to 
produce  detonation,  whilst  with  the  third  class,  at  least  30  grains  are 
necessary. 

The  question  now  presents  itself,  can  detonation  of  these  explosives  be 
caused  by  any  other  method  ?  For  instance,  can  an  explosive-wave  be 
established  by  means  of  percussion?  With  all  nitroglycerine  compounds 
the  answer  is  yes,  but  with  the  third  class,  the  ammonia  powders,  the 
answer  is  no. 

In  these  experiments,  a  weight  of  59  lbs.  was  used,  consisting  of  a 
steel  cylinder  2-feet  long,  and  3-inches  diameter,  pointed  at  one  end. 
This  weight  could  be  raised  to  varying  heights  and  allowed  to  drop  on 
to  a  rigid  steel  disc,  the  du'ection  of  the  falling  weight  being  kept 
vertical  by  means  of  guide-ropes. 

The  following  deductions  may  be  recorded  as  the  result  of  some 
hundreds  of  experiments : — 

1.  With  a  59-lbs.  weight,  falling  at  heights  varying  from  6  to  12  inches, 
detonation  invariably  took  place  with  dynamite,  gelignite,  blasting- 
gelatine  and  carbonite. 

2.  In  the  case  of  gun-cotton  and  cotton-powder,  with  the  weight 
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dropping  2  to  3  feet,  a  sharp  explosion  of  the  portion  immediately  struck 
always  occurred,  and  occasionally  portions  of  the  surrounding  explosive 
were  scattered  about  in  a  flaming  condition. 

3.  In  the  trials  of  ammonia  powders  of  the  Sprengel  type,  such  as 
roburite  and  ammonite,  with  the  59  lbs.  weight  dropping  from  heights 
varying  from  1  foot  to  iO  feet  no  detonation  ever  took  place.  The  only 
effect  observed  was,  that  a  small  portion  immediately  struck  by  the 
weight  decomposed  with  a  slight  cracking  noise,  but  no  flame  was  seen. 
In  continuation  of  the  above  experiments,  it  was  observed  that  if 
dynamite  be  placed  immediately  under  the  hammer  and  then  surrounded 
with  a  heap  of  roburite,  so  that  only  the  dynamite  received  the  blow,  the 
whole  mass  was  completely  detonated,  proving  that  an  explosive-wave 
had  been  set  uji  by  the  detonation  of  the  dynamite  and  had  been  com- 
municated to  the  roburite. 

In  the  converse  experiment,  where  roburite  only  received  the  fuU  blow, 
the  roburite  partly  decomposed,  but  the  dynamite  surrounding  it  was  not 
affected  in  any  way,  proving  that  no  detonating  wave  had  been  set  up. 

The  cause  of  the  roburite  and  ammonite  partially  decomposing  when 
struck  by  a  heavy  falling  weight  is  easily  explained.  At  the  moment  of 
impact  between  the  two  iron  surfaces  a  large  amount  of  heat  is  suddenly 
developed,  sufRcient  to  decompose  the  nitrate  of  ammonia  into  steam  and 
nitrous  oxide ;  but  this  decomposition  is  attended  by  a  large  absoii^tion 
of  heat,  consequently  only  those  portions  of  the  nitrate  immediately 
struck  are  subject  to  decomposition. 

The  next  series  of  experiments  was  made  to  ascertain  the  action  of 
a  falling  Aveisrht  on  dry  powdered  nitrate  of  ammonia  alone,  and  with  a 
drop  of  6  feet  or  more  it  was  found  possible  to  produce  slight  decomposi- 
tion, which,  like  that  of  the  ammonia  powders,  was  completely  confined  to 
the  portion  struck.  In  no  single  instance  was  it  possible  to  detonate 
roburite  by  percussion.  Even  when  the  roburite  had  been  intimately 
mixed  with  gunpowder,  and  the  weight  allowed  to  fall  on  to  the  mixture, 
only  the  portion  stnick  crepitated  slightly. 

Further  experiments  proved  that  it  was  impossible  to  detonate  or 
completely  explode  a  cartridge  of  roburite,  except  by  means  of  a  charge  of 
nitroglycerine  or  its  compounds  or  mercuric  fulminate. 

Cartridges  were  made  up,  one  end  filled  with  gunpowder  and  the 
other  end  with  roburite,  and  suspended  in  a  lioiler :  when  the  detonator 
was  fired  in  the  gunpowder  end,  the  gunpowder  alone  exploded  and  left 
the  roburite  ;  and  when  the  detonator  was  fired  in  the  roburite  end, 
the  latter  detonated  and  left  the  gunpowder  unexploded,  proving  that 
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gunpowde]'  cannot  be  detonated,  and  that  the  temperature  of  the 
detonation  was  too  low  or  the  time  of  detonation  too  quick  to  set  fire 
to  the  gunpowder.  This  experiment  to  a  great  extent  explains  the  fact 
that  it  is  impossible  to  ignite  an  explosive  mixture  of  air  and  coal-dust 
by  means  of  a  blown-out  roburite  shot,  even  when  untamped,  or  even 
when  a  cartridge  suspended  free  in  such  a  mixture  is  detonated. 


Mr.  A.  L.  Steavenson  thought  there  were  many  questions  in  this 
valuable  paper  which  required  ample  consideration  before  they  would  be 
in  a  position  to  discuss  it  at  length.  He  was  very  pleased  that  such  a 
paper  had  been  written,  as  it  showed  that  they  were  beginning  to  examine 
explosives  in  a  scientific  way.  They  now  approached  everything  from  the 
practical  point  of  view,  and  from  what  he  had  seen  he  had  an  impression 
that  an  explosive  fired  with  a  detonator  produced  more  violent  effects  than 
when  fired  with  fuze  ;  thus  powder  always  gave  a  better  result  when  fired  with 
a  detonator.  He  thought  they  required  more  experiments  before  they  could 
accept  as  a  fact  the  statement  contained  in  the  paper  that  "  this  experi- 
ment to  a  great  extent  explains  the  fact  that  it  is  impossible  to  ignite 
an  explosive  mixture  of  air  and  coal-dust  by  means  of  a  blown-out  roburite 
shot,  even  when  untamped,  or  even  when  a  cartridge  suspended  free  in 
such  a  mixture  is  detonated."  He  thought  they  would  find  that  coal-dust 
had  been  exploded  in  some  of  the  experiments  by  roburite.  He  thought 
any  explosive  which  produced  flame,  however  small,  would  ignite  coal-dust 
or  anything  of  the  same  nature. 

Dr.  P.  P.  Bedson  congratulated  the  author  on  establishing  the  com- 
parative safety  of  nitrate-of -ammonia  powders.  They  could  not  very  well 
discuss  a  list  of  experiments.  The  most  important  part  of  the  paper  seemed 
to  estabUsh  that  explosives  of  that  class,  such  as  roburite  and  ammonite, 
were  much  more  stable  than  explosives  containing  nitroglycerine. 

Mr.  W.  C.  Blackett  said  he  would  also  like  to  congratulate  the  author 
of  the  paper — it  was  the  second  very  valuable  one  he  had  given  them — 
and  he  had  to-day  to  some  extent  eased  his  (Mr.  Blackett's)  mind,  for  on 
a  previous  occasion  he  understood  Mr.  Orsman  to  say  that  by  dropping 
weights  he  had  succeeded  in  detonating  one  of  the  constituents  of  these 
explosives — the  nitrate  of  ammonia — by  itself.  He  (Mr.  Blackett)  had 
been  somewhat  alarmed  to  find  that  the  explosive  he  thought  most  safe 
was  going  to  prove  unsafe.  However,  the  writer  modified  that  statement 
that  day  and  said  it  was  only  due  to  local  action.     With  regard  to  the 
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experiments  with  mixtui-es  of  coal-dust  and  air  he  would  like  to  know  if 
the  pressure  of  the  air  had  been  taken  into  consideration  ?  Possibly  all 
the  experiments  had  been  made  with  coal-dust  and  air  at  atmospheric 
pressm-e,  but  it  would  be  interesting  to  know,  if  experiments  had  not  been 
made,  what  in  the  ^Titer's  opinion  the  action  was  likely  to  be  if  he  tried 
to  explode  coal-dust  with  air  at  a  pressure  of,  say,  two  atmospheres ;  and 
whether  it  was  likely  that  he  would  make  such  experiments  ? 

Mr.  Emerson  Baixbridge  said  he  happened  to  be  in  Germany  two 
successive  years  reporting  on  roburite  and  tonite  before  these  explosives 
were  introduced  into  this  country.  One  of  the  experiments  he  then  tried 
was  simdar  to  those  described  in  the  paper,  but  instead  of  having  a  hang- 
ing weight,  the  experiments  were  made  with  a  i-lbs.  hammer ;  the  result 
was  no  explosion  whatever.  An  extraordinary  feature  in  explosives  was 
brought  out  in  some  of  the  Cumberland  mines.  The  men  were  paid  so 
much  per  hole  or  per  foot  of  hole  drilled  into  the  rock,  and  there  was  a 
temptation  if  they  had  a  missed  shot  to  leave  it  in  the  hole.  Some  time 
ago  a  hole  had  been  drilled  and  the  men  forgot  that  they  had  abandoned 
it,  and  in  drilling  through  a  fresh  piece  of  rock  they  struck  the  dynamite 
without  at  first  doing  any  harm,  but  on  reaching  the  far  side  of  the  hole 
a  serious  explosion  du'ectly  took  place,  an  accident  which  might  not  have 
happened  with  anamonite,  roburite,  or  carbonite.  In  regard  to  the  experi- 
ments with  explosives  he  thought  there  was  perhaps  an  indii'cct  com- 
pliment to  this  Institute,  in  the  fact  that  the  Royal  Commission  on 
Coal-dust,  of  which  he  was  a  member,  had  arranged  to  suspend  their 
enquiries  pending  the  results  of  the  experiments  made  by  the  Committee 
appointed  by  this  Institute.  Whether  the  Commission  would  institute 
experiments  on  a  larger  scale  would  very  much  depend  on  the  results  of 
their  tests  on  Tyneside. 

Mr.  Fred.  Berkley  said  he  some  time  ago  assisted  the  late  Prof. 
Marreco  in  several  hundi'eds  of  experiments  with  coal-dust  and  air, 
and  they  utterly  failed  to  get  any  result  except  by  adding  a  small  amount 
of  gas,  although  Mr.  H.  Hall's  experiments  showed  that  some  dusts  would 
no  doubt  give  an  explosion. 

Dr.  Bedson  said  that  in  speaking  of  coal-dust  some  definition  should 
be  given  of  the  locality  or  the  nature  of  the  coal-seam  from  which  it  was 
derived.     There  were  no  doubt  very  great  difi"erences  in  dusts. 

Mr.  Qrsman,  replying  to  the  discussion,  said  the  reason  Mr.  Steaven- 
son  found  a  detonator  to  explode  gunpowder  with  more  violence  than  a 
fuze  was,  that  it  forced  the  flame  through  the  gunpowder,  whereas  the  fuze 
ignited  it  at  one  end,  and  the  combustion  proceeded  gradually  through 
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the  whole  length  of  the  cartridge.  It  did  not  in  any  way  prove  that  gun- 
powder detonated.  In  regard  to  the  question  of  dust  and  air,  he  might 
mention  an  experiment  he  made  a  few  days  ago.  He  had  a  large  cannon 
buried  in  the  ground,  so  that  its  mouth  was  level  with  the  surface  ;  on 
the  top  he  placed  a  large  iron  cylinder.  Over  the  mouth  of  the  cannon 
was  placed  a  pipe,  delivering  50  cubic  feet  of  gas  per  minute,  and  blowing 
directly  over  the  mouth.  The  cannon  was  charged  with  various  explosives, 
and  just  before  firing  the  gas  was  turned  off,  and  coal-dust  was  riddled 
into  the  cylinder.  With  nitrate-of-ammonia  powders  no  explosion  was 
produced,  but  with  gunpowder  and  other  explosives  the  gas  was  ignited 
in  every  case.  He  had  not  conducted  experiments  with  compressed  air. 
With  regard  to  the  varieties  of  coal-dust,  he  would  be  very  glad  to  try 
any  samples  which  the  members  might  send.  He  had  never  tried  any  yet 
that  was  not  ignited  with  gunpowder,  except  one,  and  that  was  not  hona- 
fide  coal-dust,  as  it  had  been  mixed  with  50  per  cent,  of  powdered  shale. 
It  occurred  to  him  at  that  time  that  they  might  mix  coal-dust  with  shale 
in  order  to  destroy  its  explosive  effect. 

Professor  Merivale  expressed  his  pleasure  in  proposing  a  vote  of 
thanks  to  Mr.  Orsman  for  his  very  excellent  paper. 

Mr.  W.  C.  Blackett  seconded  the  proposal. 

The  President  in  supporting  the  vote  said  the  paper  was  all  the  more 
acceptable,  being  the  second  submitted  to  the  Institute  by  the  author, 
and  he  was  sure  it  would  be  discussed  at  a  future  meeting. 

The  vote  of  thanks  was  cordially  adopted. 


The  following  paper  by  Mr.  James  Leslie  Shaw,  on  "The  Haematite 
Ores  of  Cumberland,"  was  taken  as  read : — 
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THE  HEMATITE  OEES  OF  CUMBERLAND. 


By  JAMES  LESLIE  SHAW. 


Introduction. 

In  mapping  the  rocks  with  which  iron  ore  is  associated  in  Cumber- 
land the  most  important  point  required  is  to  show  the  extent  of  the 
Carboniferous  Limestone,  that  being  the  rock  in  which  the  larger  bodies 
of  haematite  are  situated,  and  in  the  case  of  other  formations  the  writer 
has  made  use  of  the  maps  of  the  Geological  Survey  so  far  as  published. 

In  Fig.  1.,  Plate  XXXVI.,  most  prominence  is  given  to  the  limestone- 
rock,  and  its  area  is  not  restricted  to  that  which  lies  immediately  under  the 
soft  superficial  cover,  but  includes  generally  all  areas  where  limestone  may 
be  reached  at  a  reasonable  depth  for  mining.  There  are,  however,  dis- 
tricts, such  as  that  between  Messrs.  Bain's  quarries  at  Distington  and 
Lowca,  where  limestone  has  been  proved  to  lie  under  the  Coal-measures, 
of  course,  in  an  unconformable  manner,  as  both  the  MQlstone  Grit  and 
Yoredale  series  come  between,  one  at  least  of  these  two  series  being 
present  in  Cumberland. 

The  writer  does  not  think  it  impossible  for  iron  ore  to  exist  in  the 
limestone  under  the  Coal-measures,  but  from  the  writer's  views  as  to 
the  formation  and  source  of  the  iron  ore  it  is  unlikely  to  be  found  in 
large  deposits  in  that  situation,  as  will  be  seen  from  the  sequel,  when 
prominence  will  be  given  to  the  facts  bearing  on  the  aqueous  fonnation 
of  haematite  ore,  and  some  remarks  made  respecting  its  origin  and 
deposition. 

The  different  rocks  which  contain  iron  ore  in  workable  quantity, 
beginning  with  the  unstratiiied  or  igneous  rocks,  are  the  granites  (which 
are  usually  classed  with  these)  and  syenitic  granites,  and  the  lowest 
stratified  or  sedimentary  rocks  of  this  district,  viz.,  the  Skiddaw  Slates 
which  are  classed  with  the  Lower  Silm*ian  formation. 

Granite. 

Haematite  lies  in  this  rock  in  the  form  of  veins  only,  and  many  veins 
of  good  ore  have  been  wrought  at  the  Boot  in  Eskdale,  and  on  Muucaster 
and  Irton  Fells.     These  workings  have  been  stopped  for  some  years, 
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not  because  the  iron  ore  is  worked  out  (indeed,  many  veins  have  been 
merely  scratched  on  the  surface),  but  because  the  lowness  of  the  market 
vakie  for  many  years  past  has  rendered  it  a  very  difficult  matter,  if  not 
an  impossibility,  to  make  the  workings  profitable. 

Hematite  existing  in  the  granite  is  usually  of  very  good  quality,  and 
quite  as  valuable  as  the  ore  found  in  limestone ;  in  fact,  it  is  difficult  to 
see  any  difference,  excepting  that  ore  from  the  granite  is  more  apt  to  be 
mixed  with  silica ;  but  this  is  not  due  so  much  to  the  chemical  composi- 
tion of  the  ore  as  to  rubbish  becoming  intermixed  in  the  getting  of  it, 
the  remedy  for  which,  of  course,  would  be  to  wash  the  ore. 

The  above-mentioned  are  genuine  veins,  and  it  is  not  until  we  come 
to  the  limestone  that  ore  lying  in  this  form  may  be  termed  "  vein-like  " 
only.  Their  bearing  varies  from  north  to  north-west  and  the  hade  is 
generally  easterly.     Six  feet  is  a  good  average  width  for  veins  in  granite, 

Syenitic  Granites. 

The  principal  characteristic  of  this  rock,  from  a  miner's  point  of  view, 
is  its  hardness  and  its  exceeding  toughness.  Ore  is  very  commonly  found 
in  veins  in  these  rocks.  On  the  southern  side  of  Ennerdale  Water  trials 
have  been  made  by  more  than  one  party,  and  hundreds  of  tons  are  said 
to  have  been  carted  to  Cleator  Moor  in  times  past. 

A  Birmingham  gentleman,  now  deceased,  a  few  years  ago  opened  trial 
drift-ways  in  many  of  the  veins  at  Crag  Fell,  but  the  ore  never  greatly 
exceeded  6  feet  wide,  a  thickness  which  would,  however,  have  been  work- 
able if  the  veins  had  earned  ore  for  some  length  and  depth,  as  unfortu- 
nately for  the  adventurer,  great  haunches  of  rock  appeared  suddenly  and 
nipped  the  ore.  This  ground  is  not  mined  at  present  for  the  reasons 
already  mentioned  in  connexion  with  ore  in  the  granites,  viz.,  that  it 
would  not  pay  to  work  at  the  present  low  price  of  ore. 

The  other  igneous  rocks  of  Cumberland,  such  as  basalt,  are  of  com- 
paratively limited  area  and  value. 

Skiddaw  Slates. 

The  only  iron  ore  mines  in  these  rocks  are  those  at  Kelton  Fell  and 
Knockmurton,  where  many  veins  have  been  opened  out,  as  well  as  a  great 
number  of  smaller  or  subordinate  strings,  which  run  out  from  the  main 
veins. 

De  la  Beche,  in  his  Geological  Researches^  illustrates  the  formation  of 
veins  (or  rather  the  faults  or  dislocations  which  carry  mineral  veins)  very 
nicely.     If  the  reader  cuts  with  a  penknife  a  waving  line  on  a  sheet  of 
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paper,  and  then  moves  each  side  in  imitation  of  subterranean  movements 
until  projection  touches  projection,  then  the  cause  of  the  thickening  and 
narrowing  of  veins  wiU  become  evident,  more  especially  if  the  paper  be 
placed  on  a  blackboard.  Of  course  there  may  be  all  stages  between  the 
maximum  width  and  simple  fracture. 

The  veins  in  the  Skiddaw  Slates  lie  generally  in  north-west  dislocations 
(of  a  similar  nature  to  what  has  been  illustrated  by  the  above  simple 
experiment)  or  cheeks,  which  have  a  hade  to  the  north-east  of  fi'om  45  to 
80  degs.  In  two  cases  of  veins  opened  into,  the  bearing  is  north,  or 
coincides  with  the  true  meridian,  but  generally  it  is  as  above  stated.  The 
writer  only  knows  one  east-and-west  or  rather  north-east  fault  or  dyke  in 
these  mines,  and  it  is  completely  barren  of  iron  ore,  being  in  fact  simply 
filled  with  slate-shale  rubbish  several  fathoms  wide.  This  dyke  stops  or 
cuts  off  all  the  veins  at  their  north  end  with  one  exception. 

The  width  of  ore  between  lying  cheek  and  hanging  wall  of  main  veins 
is  2G  feet  or  less.  Sometimes  ore  a  few  inches  wide  is  followed,  but  only 
when  both  the  cheek  and  the  vein-rock  are  generally  favourable. 

The  quality  of  haematite  in  the  Skiddaw  Slates  is  good,  although  there 
is  sometimes  a  pretty  large  proportion  of  silica  in  its  composition,  the 
silica  being  about  12  jier  cent,  on  the  average,  and  seldom  more  than  14 
per  cent.  The  haematite  in  these  rocks  contains  from  50  to  52  per  cent, 
of  metallic  iron.  The  ore  is  frequently  found,  mixed  with  rubbish,  con- 
sisting of  slate  from  the  adjacent  rocks,  and  mechanically  mixed  with 
the  ore.  It  is  evident  that  more  ore  could  be  worked  if  machinery  on 
the  surface  was  used  to  wash  out  the  rubbish.  All  mixed  ore  and  rubbish 
is  now  rejected  if  it  is  difficult  to  separate  at  once  by  hand. 

The  quantity  of  ore  lying  in  veins  in  the  Skiddaw  Slates  is  irmnense, 
but  cannot  be  made  available  unless  more  railway  communication  is 
extended.  A  railway  up  the  Ennerdale  Valley  to  its  head,  and  another 
from  Keswick,  up  the  River  Derwent  to  Buttermere,  would  open  the 
ground  both  for  mining  and  for  tourists,  and  the  number  of  the  latter 
would  probably  be  immensely  increased  if  a  tunnel  was  formed  to  connect 
these  two  lines. 

Volcanic  Series. 

There  is  another  class  of  slate  rock  belonging  to  the  same  fonnation, 
or  to  the  Lower  Silurian,  but  more  recent  than  the  Skiddaw  Slates,  in 
which  iron  ore  has  been  mined,  though  not  to  any  extent.  This  is  what 
Prof.  Sedgwick  called  "  the  green  slate  and  porphyry."  But  the  newer 
name,  and  that  adopted  by  the  Geological  Survey,  is  "  the  volcanic  series 
of   Bon-owdale,"  owing  to  its  being  largely  developed  in  that  district. 
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This  formation  is  diversified  in  its  character,  containing  rocks  varying 
from  shale  to  greenstone,  the  latter  being  the  whinstone  of  Scotland. 
There  are  sandy  breccia  and  conglomerate-beds  and  volcanic  lavas,  traps, 
and  porphyries. 

There  are  numerous  veins  of  iron  ore  in  these  rocks  in  Cumberland, 
but  from  their  situation  in  the  high  fells,  these  veins  are  not  mined  at 
present.  A  trial  boring  was  made  last  year  into  these  rocks  near 
Gosforth,  but  such  ground  would  be  preferably  tested  by  trenches  on 
the  surface,  where  the  soft  cover  overlying  the  rock  is  favourable.  This 
is  very  often  the  case  in  the  hilly  districts,  and  it  is  easy  to  bare  the  top 
of  the  rock  and  discover  the  outcrops  of  the  veins.  It  is  not  probable 
that  there  is  any  body  of  hajmatite  in  the  volcanic  series,  but  what  good 
ore  there  is  certainly  lies  in  the  form  of  veins. 

On  Wilton  Fell,  however,  east  of  Egremont,  there  is  a  considerable 
thickness  of  red  shales,  probably  belonging  to  this  formation,  which  appear 
to  be  indurated  in  places  to  such  an  extent  as  to  resemble  a  low  grade  of 
iron  ore.  It  contains  25|  per  cent,  of  oxide  of  iron,  but  the  quantity  of 
silica .  which  it  contains  (nearly  one-half,  as  may  be  seen  from  the 
annexed  analysis)  effectually  debars  it  from  being  sent  to  the  furnace, 
which  would  be  clogged  with  such  an  amount  of  silica. 

Per  Cent. 
Sesquioxide  of  iroa     ...         ...         ...         ...     15-04 


Protoxide  of  iron 

Silica     

Alumina 
Calcium  carbonate 


10-53 
49-06 
17-93 

7-44 


...     18-70 
kable  method  of  separating 


Metallic  iron 

If  any  practical  chemist  could  devise  a  wor 
the  silica  contained  in  this  very  "  lean  "  ore,  it  might  be  made  marketable. 

Dunnerdale  Mines  are  situated  in  the  volcanic  series,  just  outside  the 
southern  boundary  of  Cumberland,  in  the  Furness  district. 

CoNiSTON  Limestone. 

The  next  series  of  rocks  is  the  Coniston  Limestone,  which  belongs  to 
the  upper  part  of  the  Lower  Silurian  formation.  A  band  of  this  limestone 
is  found  at  the  southern  end  of  Cumberland,  it  strikes  from  north-east  to 
south-west,  and  has  been  mined  at  Waterblean. 

The  thickness  of  the  stone  at  tiiis  place,  measured  horizontally,  is  56 
yards,  and  its  dip  G-t  degs.  to  the  south-east.  The  colour  of  tins  Hme- 
stone  is  bluish-grey,  and  it  is  of  a  more  crystalline  nature  than  the  Car- 
boniferous Limestone. 
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The  quality  of  ore  at  Waterblean  is  both  very  soft  and  very  hard, 
the  soft  variety  or  "paint  ore"  being  evidently  free  from  silica,  and  the 
"  hard  blast  ore"  having  a  large  percentage  of  this  mineral  in  its  composi- 
tion. The  ore  lies  in  irregular  caverns,  beginning  at  the  surface  and 
deepening  eastward.     The  mining  of  this  ore  has  been  very  limited. 

These  caverns,  which  are  numerous,  do  not  generally  exceed  a  length 
of  20  or  30  feet,  and  the  junction  between  two  of  them  is  often  a  mere 
string,  and  sometimes  only  a  joint.  A  fault  strikes  across  the  band  of 
limestone  from  north  to  south,  on  which  ore  is  very  likely  to  be  found. 
There  is  no  other  mine  working  in  the  Coniston  Limestone  in  Cumberland. 

Basement  Conglomerate-Beds. 

Passing  the  Coniston  Flags  (belonsing  to  the  upper  part  of  the 
Silurian  formation),  as  not  being  of  interest  as  regards  iron  ore,  the 
basement-beds  of  the  Carboniferous  Limestone  are  reached.  These  beds 
are  well  developed  at  several  places  in  the  county ;  they  are  found  from 
Mell  Fell  to  Pooley  Bridge,  in  the  Ullswater  district,  and  at  Millom, 
although  not  seen  on  the  surface  at  the  last-named  place  owing  to  the 
heavy  superficial  cover. 

In  the  Cleator  district  the  Carboniferous  Limestone  is  generally  found 
lying  upon  the  upturned  edges  of  the  slates  with  few  or  no  intervening 
beds ;  at  Egremont  there  are  reddish-brown  and  mottled  shales  GO  feet 
thick  at  one  of  the  mines  lying  in  this  position.  The  exact  geological 
position  of  these  shales  has  not  been  investigated,  no  fossils  having  been 
found,  to  the  writer's  knowledge,  and  they  are  of  such  a  laminated  and 
crumbly  nature  that  even  the  bedding  cannot  be  detected. 

The  basement  conglomerate-beds  in  the  Millom  district  consist  of 
grey  and  brown  conglomerates  and  sandstones,  with  sandy  shales.  Fine- 
o-rained  russet  and  greenish-grey  sandy  beds  are  also  common  between  the 
conglomerates  and  the  limestone. 

At  Hodbarrow  the  entire  thickness  of  these  conglomerate  beds, 
amounting  to  624  feet,  has  been  penetrated  by  the  diamond  drill,  and 
thev  ha^-e  also  been  proved  by  drifting  in  the  mines.  In  all  the  above 
thickness,  between  the  overlying  Carboniferous  Limestone  and  the  under- 
lying Silurian  rocks,  no  pieces  or  pebbles  of  iron  ore  have  been  found, 
and  the  bodies  of  iron  ore  appear  to  cease  before  reaching  the  sandy  beds 
below  the  limestone. 

These  conglomerates  are  therefore  entirely  diflPerent  in  the  above 
respect  from  the  breccias  belonging  to  the  Permian  formation  which 
contain  haematite  pebl)les,  and  indicate  that  the  formation  of  haematite 
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was  prior  to  the  formation  of   the  Permian  breccias   in  general,  and 
later  than  the  basement -conglomerates. 

The  pebbles  composing  these  conglomerates  belong  principally  in 
the  Millom  district  to  the  more  primitive  rocks  of  Cumberland  ;  in 
Skiddaw  Slate,  volcanic  ash,  and  porphyritic  rocks  are  well  represented. 
The  writer  has  seen  pebbles  which,  when  broken,  looked  like  limestone, 
but  the  acid  test  proved  them  to  be  a  different  rock.  Limestone  cobbles 
have  been  found  in  it,  but  these,  the  writer  supposes,  had  been  derived 
from  the  Coniston  Limestone.  Fine-grained  grits  are  common,  and  ruddy 
shales  in  the  shape  of  pebbles.  At  Millom  the  limestone  lies  conformably 
above  these  conglomerate-beds. 

Carboniferous  Limestone. 

The  most  important  matrix  of  htematite  is  the  Carboniferous  Lime- 
stone, which  is  shown  on  the  map  (Fig.  1,  Plate  XXXVL),  from  Egremont 
on  the  south  to  Caldbeck  on  the  north-east,  and  also  in  the  Millom  district. 
This  rock  is  broken  or  divided  by  many  faults.  The  places  named 
are  by  no  means  the  terminal  points  of  the  limestone,  but  south  of 
Egremont  this  rock  lies  at  so  great  a  depth  below  the  Permian  rocks  that 
trial  borings  for  ore  have  been  comparatively  few.  For  instance,  the 
depth  at  which  limestone  was  cut  at  Beckermet,  in  Mr.  Stirling's  bore- 
holes, was  fully  1,200  feet,  but  it  does  not  follow  that  farther  south 
it  lies  deeper,  because  at  Calder  Bridge,  or  between  it  and  Sellafield, 
these  beds  may  really  become  shallower,  or  may  even  be  absent  entirely, 
owing  to  being  on  the  line  of  one  of  the  great  elevations  of  the  Lake 
District.     The  latter  idea  was  suggested  by  Prof.  Sedgwick. 

The  coast  for  a  mile  or  two  inland,  between  St.  Bees  and  Millom, 
is  comparatively  untried  by  borings,  and  the  amount  of  undeveloped 
wealth  which  may  be  found  in  that  section  of  the  county  is  unknown, 
both  as  regards  iron  ore,  coal,  and  gypsum.  It  would  be  wrong  to 
expect  to  find  these  minerals  without  passing  through  some  thickness  of 
New  Red  Sandstone.  These  minerals  cannot  be  expected  to  be  found 
near  the  surface,  excepting  on  the  lines  of  faults.  It  is  not  impossible 
that  Triassic  salt  marls  may  be  brought  in  by  faults  on  land  or  to  the 
dip  seaward. 

On  the  farm  of  Low  Leys,  Lamplugh,  limestone  has  been  bored 
into  at  a  depth  of  from  120  to  210  feet,  after  passing  through  sand- 
stones and  shales,  probably  belonging  to  the  Millstone  Grit  series.  It 
appears,  however,  that  there  is  a  doubt  whether  these  overlying  rocks 
(which  in  some  localities,  as  at  Rowrah,  consist  of  grey  sandstones  and 
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shales  with  one  or  two  thin  bands  of  limestone)  should  he  classed  with 
the  Millstone  Grit  or  the  Yoredale  series,  and  their  non-appearance  at 
the  surface  renders  it  a  very  difficult  matter  to  determine. 

Near  Yeathouse,  or  nearer  the  high  end  of  Frizington  and  behind  the 
fault  on  wliich  the  Lonsdale  Mines  are  situated,  limestone  was  found 
immediately  below  the  soft  cover,  which  is  about  36  feet  thick,  and  lime- 
stone, with  the  exception  of  partings  of  shale  and  a  bed  or  two  of  light- 
coloured  sandstone,  was  bored  through  to  a  depth  of  708  feet.  The  total 
thickness  of  the  limestone  is  therefore  072  feet,  but  the  greatest  thickness 
of  limestone  wluch  the  writer  has  found  in  the  course  of  his  experience 
in  this  district  was  at  Friziugton,  in  two  boreholes  on  either  side  of  the 
public  road  at  Parkside  Farm,  Here  sandstone  and  shales  (of  the  doubt- 
ful series  above  referred  to)  overlie  the  limestone  in  a  conformable  manner, 
and  have  a  westward  dip  of  1  in  3  or  4.  The  thickness  of  limestone 
proved  in  one  borehole  was  747  feet  and  in  the  other  750  feet,  including 
intei*stratified  beds  of  shale,  but  excluding  the  overlying  sandstones  and 
shales.  This  is  one  place  in  the  Cleator  district  where  the  full  thickness 
of  limestone  has  been  found  from  the  overlying  Millstone  Grit  or  Yoredale 
series  down  to  the  slate  rocks.  In  many  other  pirts  of  the  district  lime- 
stone is  overlain  by  sandstones  and  shales,  at  Winder,  iloor  Row,  Bigrigg, 
and,  generally  speaking,  both  are  found  conformable,  but  at  other  places, 
as  for  instance  Egremont,  the  limestone  is  capped  by  Permian  rocks,  or 
by  breccia  and  New  Red  Sandstone.  In  the  last-named  district  there  is 
a  thin  bed  of  limestone  in  or  interstratified  with  the  breccia,  which  is 
probably  the  Magnesiau  Limestone ;  although  the  difference  between  it 
(in  the  absence  of  fossils)  and  the  Carboniferous  Limestone,  a  few  fathoms 
below,  is  only  apparent  to  an  experienced  observer. 

At  Egremont  the  Permian  rocks  lie  unconformably  u^jon  the  Oarbon- 
iferous  Limestone,  and  there  must  have  been  great  denudation  of  the  latter 
before  the  Permians  were  laid  down. 

The  Carboniferous  Limestone  is  so  characteristic  in  appearance  and 
so  well  known  that  any  description  of  it  is  quite  unnecessary. 

Faults. 

The  faults  or  dislocations  of  the  strata  (and  the  following  remarks 
apply  to  the  limestone  as  well  as  to  neighbouring  rocks)  are  of  two  kinds. 
One  set  generally  bears  north-west  and  south-east,  though  in  a  few  cases 
they  run  almost  directly  north  and  south.  The  other  set  bears  nearly  at 
rio-ht  angles  to  the  first,  viz.,  north-east  and  south-west  or  east  and  west. 
Mr.  J.  Clifton- Ward,  when  treating  of  the  faults  of  the  Lake  District, 
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says  the  east-and-west  faults  are  generally  the  older,  Ijecause  they  are 
often  thrown  by  the  north-and-south  faults.  This  has  been  found  in 
practice  to  be  the  case  at  the  iron-ore  mines.  At  the  No.  19  pit  of 
the  Parkside  Mines,  the  east-and-west  chejk  of  the  vein  is  displaced 
210  feet  along  the  north-west  cheek  or  fault,  before  the  former  again 
starts  in  its  course.  At  the  Kclton  Mines,  the  east-and-west  dyke, 
already  referred  to,  is  displaced  in  No.  1  vein,  or  where  Nos.  1  and  2 
veins  appear  to  join,  a  distance  of-  420  feet  along  the  north-west  vein. 

This  natural  arrangement  of  the  faulting  appears  to  be  found  in  South 
Cumberland.  At  the  Hodbarrow  Mines  there  are  several  faults  bearing 
north-west,  and  one  at  least  bearing  east.  At  the  Whicham  Mines  the  ore 
lies  close  to  a  fault  bearing  north-west  and  the  hade  is  south-west  at  an 
angle  of  41  degrees.  At  the  Hodbarrow  Mines  the  east-and-west  fault 
on  which  the  two  easterly  deposits  are  situated  stops  short  when  it  reaches 
the  boundary  fault  of  the  third  or  largest  deposit,  and  has  never  been 
traced  farther  west;  but  it  might  be  found  again  when  the  ground  is 
mined  to  the  south  of  high-water  mark,  and  great  displacement  will  then 
probably  be  found  to  have  taken  place. 

Fig.  1,  Plate  XXXVI.  shows  the  lines  of  faults  personally  investigated 
by  the  writer  which  traverse  the  limestone,  and  also  their  connexion  with 
the  Coal-measures.  The  hade  of  these  faults  in  the  Cleator  and  Frizington 
districts  is  to  the  east,  their  inclination  to  the  horizon  being  from  40  to  G5 
degs.  Exceptions  are  found  at  Southam  and  Gillfoot  Park,  where  the  hade 
is  in  the  opposite  direction,  and  steeper,  being  60  degs.  at  the  former,  and 
80  degs.  at  the  latter  place.  In  the  Coal-measures,  between  Whitehaven 
and  Distington,  the  north-west  faults  generally  hade  to  the  south-west. 

The  Micklam  Dyke  runs  from  the  farm  of  that  name  by  Stamford 
Hill  and  Gillhead,  and  forms  the  present  western  boundary  of  Walkmill 
Colliery,  because  this  fault  thi'ows  down  the  coal-seams  to  the  west  from 
720  to  780  feet  in  the  Low  Moresby  neighbourhood.  The  Micklam  fault 
runs  as  far  as  the  freestone  quariy  near  Walkmill  Bridge,  where  it  appears 
to  fork  into  many  prongs.  The  amount  of  throw  of  the  Micklam  fault  is 
the  greatest  known  in  the  district,  the  others  all  having  a  smaller  throw. 

At  Distington  the  limestone  is  found  at  the  surface,  where  it  is  worked 
by  Messrs.  Bain,  but  the  area  is  not  very  great. 

The  hade  of  the  east-and-west  faults  is  both  to  the  north  and  to  the 
south.  An  example  is  the  fault  which  brings  the  Coal-measures  on  the 
northern  side  against  the  ore-bearing  limestone  to  the  south  at  the  M  ont- 
real  Mines.  The  hade  of  the  east-and-west  dyke  in  the  Skiddaw  Slates 
at  the  Kelton  Mines  is  similar.  The  east-and-west  vein  at  the  Hodbarrow 
Jfines  is  an  example  of  throw  to  the  south. 
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Form  axd  Description  of  some  of  the  Principal  Deposits  and 
their  compo.sition. 

In  the  Skiddaw  Slates  the  hiematite  lies  in  true  veins ;  but  in  the 
Carboniferous  Limestone,  though  ore  lies  on  faults  in  the  same  way  as  it 
does  in  the  "Tanites  and  slates,  there  is  this  decided  difference,  that  in 
limestone  the  bottom  of  the  veins  is  more  defiuitelj  traced. 

The  diflFerence  alluded  to  may  be  illustrated  by  describing  the  way  in 
which  the  Gillfoot  Park  ore  lies,  beginning  with  the  outcrop  under  the 
cemetery  at  the  northern  end  of  Egremont.  The  hade  of  the  faults  at  this 
mine  is  to  the  south-west,  and  there  are  also  many  other  smaller  disloca- 
tions running  parallel  to  the  main  ones,  which  are  "  slips "  of  a  few  feet, 
the  greatest  being  32  feet,  and  in  the  same  direction  as  the  greater  down- 
throws. The  two  principal  faults  at  (xillfoot  Park  unite  at  the  north- 
western extremity  of  the  mines,  and  they  also  appear  to  do  so  to  the 
south-east  of  the  Wyndham  Mines,  east  of  Woodbank,  thus  forming  an 
area  of  ground  1  mile  long,  with  a  maximum  width  of  300  yards, 
within  which  area,  under  soft  cover,  are  found  limestone,  Skiddaw  Slates 
being  to  the  east,  and  Permian  rocks  or  breccia  and  Red  Sandstones  to 
the  west. 

The  ore  begins  at  its  outcrop  to  the  east  with  a  fault,  under  the 
cemetery,  slate  forming  the  foot-wall  and  impure  limestone  the  hanging 
side.  The  ore  follows  the  fault  down  to  a  depth  of  225  feet  below  the 
surface,  and  then  runs  out  "on  the  flat"  at  an  inclination  of  1  in  10  to 
the  westward  to  No.  1  pit,  with  the  exception  of  the  smaller  slips  already 
mentioned  (Fig.  2,  Plate  XXXYIL). 

The  difference  between  ore  in  this  fault  and  a  true  vein  is  now  apjjar- 
ent.  If  it  were  a  true  vein  the  ore  would  continue  on  the  cheek  into  the 
underlying  slates.  After  the  cavern  in  which  the  ore  lies  was  formed  in 
the  limestone,  a  "  pan  "  was  deposited  on  the  floor  of  the  cavern,  and  on 
the  top  of  the  slates,  in  the  shape  of  a  cankered  or  ferraginous  stratum, 
2  or  3  feet  thick ;  and  tlie  ore  after  coming  down  the  fault  shoots  along 
the  top  of  this  pan  instead  of  descending  farther  as  the  cheek.  The 
ore  continues  at  an  inclination  of  1  in  10  (ignoring  for  the  moment  the 
smaller  slips)  to  No.  1  shaft,  where  a  barrier  of  rock  commences,  like  an 
island  in  the  sea  or  lake  of  ore,  which  almost  surrounds  the  rocky  barrier, 
and  continues  to  dip  until  it  meets  with  the  greatest  of  the  faults,  down 
which  it  descends  to  a  depth  of  228  feet,  and  runs  out  on  the  flat  once 
more,  as  at  the  easterly  fault,  not  descending  down  the  cheek  into  the 
slates.  The  flat  ore  continues  to,  and  rather  beyond,  the  No.  4  pit. 
where  the  ore  thins  out. 
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The  above-mentioned  barrier  of  rock  is  divided  by  one  "gut"  of  ore 
bearing  north,  averaging  80  feet  wide,  and  40  feet  high  at  its  maximum, 
and  lies  on  one  of  the  minor  slips  already  indicated.  The  thickness  of 
the  ore  in  the  bedded  form  is  30  feet  at  the  maximum. 

In  all  the  distances  described  from  east  to  west,  or  1,800  feet,  whether 
in  vein  form  or  on  the  flat,  there  is  the  same  roof  and  hanging  side,  and 
the  same  bottom  or  lying  side,  excepting  at  the  vein-like  portions  of  ore 
bed,  where  the  "cankered"  stratum  is  absent,  and  the  stuff  under  the  lying 
wall  consists  of  mottled  shales.  The  thickness  of  these  shales  has  not, 
however,  been  fully  proved  at  Gill  foot  Park,  though  they  have  been  driven 
into  for  24  feet  beyond  the  lying  cheek  in  the  No.  4  pit. 

The  "  excavator "  therefore,  in  the  shaj^e  of  acidulated  water,  found 
its  way  from  the  outcrop  down  the  eastern  fault,  and  was  checked  when  it 
reached  the  underlying  slates  or  shales,  so  that  in  this  case  at  all  events 
the  cavern  was  excavated  first  and  the  ore  deposited  therein  afterwards. 
From  a  minute  examination  of  the  cavern  after  the  ore  is  extracted  it 
has  every  appearance  above  of  having  been  the  work  of  nature,  and  the 
character  of  the  ore  at  the  lowest  level  indicates  that  after  the  cavern  had 
been  excavated,  the  exits  for  the  water  to  lower  levels  had  been  stopped 
by  accumulations  of  mud  and  iron.  In  the  writer's  opinion  the  ore  was 
deposited  at  the  lowest  level  and  gradually  filled  the  cavern  to  the  brun. 

The  next  question  is  how  such  a  mass  of  rock  as  the  superincumbent 
limestone  could  have  been  supported  after  the  cavern  had  been  excavated, 
before  the  deposition  of  the  iron  ore.  It  is  known  that  there  are  many 
points  of  support,  in  addition  to  the  rock  at  the  outer  run  or  edge  of  the 
deposit,  where  the  roof  stone  meets  the  sole  without  any  intervening  ore. 
One  of  these  points  is  shown  in  the  section  (Fig.  3,  Plate  XXXVII.) 
across  the  Hodbarrow  Mines.  The  overlying  limestone  must  have  been 
steadied  in  this  way,  and  if  at  any  point  the  limestone  was  not  supported, 
and  fell  upon  the  sole  before  the  deposition  of  the  ore  took  place,  then 
at  that  point  the  ore  would  not  be  deposited.  The  above  remarks  espe- 
cially apply  to  the  iron-ore  mines  in  the  Egremont  district. 

In  the  veins  also,  as  was  previously  shown  in  connexion  ^-ith  the 
Skiddaw  Slates,  there  are  many  points  of  support  by  actual  contact  of  the 
opposite  sides  of  the  fault  in  which  the  ore  lies.  This  is  the  case  at 
Kelton  as  well  as  at  Gillfoot  Park,  but  the  vein-stuff  is  not  composed  of 
ore  alone ;  it  includes  eveiy  degree  of  mechanical  mixture  with  nibbish 
or  waste  from  the  adjacent  rocks— so  much  so  that  the  veins  are  in  places 
entirely  filled  from  cheek  to  cheek  with  this  rubbish. 
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The  quality  of  the  hematite  in  the  Egreinont  district  is  very  g-ood, 
as  it  contains  about  57  per  cent,  of  metallic  iron. 

The  Parkside  ore  deposit  at  Frizington  lies  in  a  bedded  form  until  it 
reaches  the  Xo.  10  pit,  near  the  railway-station,  where  the  ore  is  found 
more  in  the  vein  form  than  the  flat.  It  lies  at  the  intereection  of  a  north- 
west and  an  east-and-west  fault,  which  were  refeiTed  to  when  treating  of 
faults  in  the  Carboniferous  Limestone. 

At  many  mines  the  ore  lies  in  the  north-and-south  joints  only,  with 
little  or  no  throw  on  them,  although  there  is  generally  a  connexion 
between  these  joints  and  the  greater  dislocations.  In  these  cases  ore 
takes  the  form  of  guts,  which  are  generally  more  limited  in  height  than 
ore  in  large  faults.  These  guts  are  from  100  feet  wide  downwards  to 
about  6  feet;  l)elow  this  width  they  are  "strings,"  A  not  unusual  width 
for  ore  in  the  gut  form  is  about  20  feet. 

There  is  another  form  which  the  great  ore  deposits  take,  viz.,  in  the 
shape  of  basins  in  the  limestone,  the  finest  examples  of  which  in  this 
county,  and  perhaps  in  the  British  Islands,  are  found  at  the  Hodbarrow 
Mines.  These  mines  had  a  humble  beginning,  at  least  one  company 
having  worked  a  vein  at  Hodbarrow  Point  before  the  present  company 
commenced  operations.  It  will  be  no  consolation  to  the  former  company 
to  point  out  that  if  they  had  followed  inland  the  cheek,  from  which  they 
extracted  ore  in  small  quantities,  they  would  have  found  the  first  deposit 
of  ore  covering  an  area  of  8  acres,  which  the  present  Hodbarrow  Com- 
pany proved  by  boring,  and  have  worked  out. 

Subsequently  two  other  large  deposits  were  found  ranging  in  a 
westerly  direction  from  the  first,  the  first  which  was  wrought  being 
nearest  Hodbarrow  Point.  The  middle  deposit,  with  an  area  of  about 
5  acres,  was  sunk  to  in  1870  by  the  Annie  Lowther  Pit. 

In  1873  a  shaft  was  sunk  to  reach  the  greatest  deposit,  which  had 
previously  been  proved  by  boring.  This  shaft  was  sunk  to  a  greater 
depth  than  the  previous  ones,  in  order  to  open  out  the  new  deposit  from 
a  mam  level  at  a  depth  of  300  feet.  The  area  to  which  this  largest 
deposit  has  been  found  to  extend  is  much  greater  than  the  other  two, 
being  3,0()0  feet  long  by  1,290  feet  wide,  but  its  full  area  has  not  been 
proved.     The  thickness  of  ore  varies  from  86  feet  to  132  feet. 

These  three  bodies  of  ore  lie  in  the  purer  limestones,  and  the  ore  is 
not  found  in  the  case  of  the  largest  deposit  where  the  impm'e  bottom  beds 
begin. 

There  is  a  north-west  fault  on  either  side  of  the  largest  or  western 
deposit,  and  these  show  a  wedge-shaped  depression,  their   hade   being 
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towards  each  other,  and  in  this  depression  of  the  purer  limestones  the 
largest  deposit  is  sitnated.  The  throw  is  not  very  great,  but  it  is  at  least 
120  feet.  From  the  fault  on  the  eastern  side  of  this  main  deposit  there 
strikes  another  dislocation,  the  east-and-west  fault,  through  the  basins 
enclosing  the  other  two  bodies  of  ore  thus  uniting  all  the  three,  which  are 
at  different  depths  below  the  surface,  the  most  easterly  deposit  being  at 
the  shallowest  depth  or  only  36  feet  below  the  surface  at  the  east  end, 
and  gradually  deepening  westward  until  over  the  western  deposit  there  is 
a  cover  of  200  feet. 

Again,  there  is  a  difference  in  the  nature  of  the  cover  over  the  deposits. 
In  the  eastern  the  ore  is  covered  by  limestone,  and  the  western  deposit 
by  boulder  clay,  the  latter  being  18  to  24  feet  thick,  and  the  lime- 
stone varying  from  18  to  90  feet  in  thickness. 

In  opening  out  the  largest  deposit  by  drifting,  compressed  air  was 
taken  into  all  the  forebreasts,  and  it  was  then  a  treat  to  examine  a 
score  of  forebreasts  on  three  different  levels,  all  going  into  new  ground. 
The  main  levels  were  driven  from  shafts  at  intervals  of  30  feet. 
Cross  drift-ways  were  then  driven,  leaving  pillars  24  feet  square  in 
the  two  easterly  deposits,  and  30  feet  square  in  the  western  one. 
The  ore  pillars  were  left  larger  in  the  last  owing  to  the  ore  being  thought 
less  compact  than  in  the  other  two  deposits.  These  main  levels  are  also 
connected  by  many  perpendicular  rises,  both  for  ventilation  and  for  use 
as  ladder-ways. 

After  the  drift-ways  were  opened  out  "  robbing  "  was  commenced, 
which  consisted  in  taking  height  after  height,  or  literally  slice  after 
slice,  of  ore,  from  10  to  12  feet  thick  generally,  from  the  pillars  and 
middlings,  beginning  at  the  top  and  working  downward,  the  ore  being 
tipped  into  hoppers  and  filled  into  tubs  in  the  main  level  below,  where 
the  ore  lies  in  gut  form,  that  is,  in  vein-Hke  offshoots  or  projections 
from  the  main  bodies  of  ore,  and  of  which  there  are  many  on  the  out- 
skirts of  all  large  deposits.  The  guts  are,  after  being  opened  out  from 
the  main  levels,  "  stoped  "  up  to  the  roof  rock,  where  rock  overlies  the 
ore,  and  then  worked  downward  from  rises  between  the  main  levels. 

It  is  interesting  to  note  the  quicksand  which  overlies  the  western 
deposit  above  the  stratum  of  boulder  clay.  This  quicksand  has  from  time 
to  time  been  tapped  in  the  course  of  working  below  it,  and  at  first  it  was 
regarded  with  much  more  apprehension  than  it  is  now.  When  robbing 
the  ore  under  soft  cover  was  started,  great  butts  of  larcli  trees  were  used 
as  "  forks  "  and  head-trees  underground,  and  these  timbers  were  split  into 
matchwood  in  a  couple  of  weeks  by  the  superincumbent  weight. 
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There  is  an  excellent  arrangement  of  nature,  which  deserves  to  be 
noticed,  in  connexion  with  the  soft  cover  overlying  the  ore,  and  that  is 
the  fact  that  the  quicksand  does  not  lie  in  a  regular  stratum,  but  that 
there  is  at  least  as  much  clay  as  quicksand  in  the  soft  cover  or  drift, 
and  both  have  probably  by  mechanical  attraction  of  particles  become 
separated  by  nature  and  he  in  compact  bodies  together,  and  it  is  just  the 
same  as  if  the  quicksand  lay  in  so  many  dishes  or  basins. 

It  has  always  been  the  writer's  opinion,  generally  speaking,  that  only 
one  of  these  basins  has  been  tapped  at  a  time  by  the  ground  subsiding 
after  being  mined  below.  It  has  never  been  attempted  since  the  first 
few  occasions  to  check  the  quicksand  from  running,  for  it  has  always  come 
to  a  stop  in  a  few  weeks ;  now,  if  it  lay  in  a  regular  stratum  it  would 
very  probably  have  filled  the  mines  on  the  first  occasion. 

In  the  writer's  opinion  it  is  preferable  to  mine  under  the  soft  cover 
rather  than  a  roof  of  rock,  because  in  the  former  case  it  weighs  down 
gradually,  but  a  rock-cover  unless  very  thick,  hangs  for  an  uncertain 
period,  and  then  falls  with  a  great  crash ;  the  difficulty  being  to  know 
when  and  where  it  will  fall,  though  generally  there  are  signs  and  pre- 
monitions. In  time  the  wood  used  and  left  in  accumulates  over  the 
workings  and  assists,  after  getting  mixed  with  clay  and  cobbles  from  the 
boulder  drift,  in  preventing  sand  from  coming  into  the  working  places, 
excepting  where  there  is  an  inrush  of  water,  finding  its  way  through 
cracks  in  the  superincumbent  rubbish,  but  waterways  are  now  driven  in 
the  outsku'ts  of  the  ore  so  as  to  catch  the  water. 

The  arrangements  underground  for  dealing  with  the  sand  when  it 
finds  its  way  into  the  levels  are  excellent.  Watercourses  are  provided 
at  a  depth  of  300  feet,  which  are  driven  nearly  level  for  the  sand  to 
subside  in  and  to  allow  of  its  being  shoveUed  out  and  bogied  to  the  shafts, 
instead  of  flowing  to  the  shafts  and  choking  the  pumps. 

The  water  pumped  has  never  exceeded  1,500  gallons  per  minute, 
and  the  quantity  is  diminishing  rather  than  increasing,  as  the  ground  is 
gradually  becoming  drier  by  the  continuous  pumping  which  has  been 
going  on  for  several  years.  The  water  is  pumped  from  the  mines  by 
means  of  two  vertical  Cornish  engines  having  72 -inches  cylinders.  A 
large  quantity  of  water  of  course  gathers  in  the  sunken  ground  ;  this  is, 
however,  prevented  from  accumulating  by  special  pumps  and  pulsometers. 

The  dried  hiematite  generally  contains  from  4:8  to  GG  per  cent,  of 
metallic  iron  and  from  5  to  14  per  cent,  of  silica.  The  following  com- 
plete analysis  of  ore  from  the  Hodbarrow  Mines  was  kindly  supplied  by 
Mr.  Cedric  Vaughan  : — 
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Peroxide  of  iron 
Protoxide  of  manganese 
Alumina 
Lime     ... 

Magnesia         

Silica    ...         ...         

Phosphoric  acid 

Sulphuric  acid 

Organic  matter,  carbonic  acid,  etc. 

Moisture  

Metallic  iron 

Insoluble  residue 

In  the  Furness  district  a  larger  proportion  of  the  deposits  are  basin- 
shaped  than  those  in  Cumberland.  The  writer  has  dealt  with  these 
deposits  in  a  previous  paper,  in  which  he  described  the  working  of  the 
Furness  deposits,  as  well  as  the  dislocations  running  through  them. 

The  writer  does  not  think  that  all  the  haematite  was  deposited  at  one 
period,  or  that  all  the  deposits  were  formed  under  exactly  the  same  con- 
ditions ;  because  he  is  of  opinion  that  hsematite  was  deposited  and 
consolidated,  and  afterwards  removed  to  lower  levels  and  re-deposited. 
The  ore  deposit  at  the  Roanhead  Mines  in  Furness  are  instances  of  this 
re-deposition. 

The  Age  of  the  Deposits. 

With  regard  to  the  age  of  deposition  of  haematite,  it  mnj  be  shown 
that  it  has  been  continued  through  many  periods,  instead  of  all  having 
been  laid  down  in  one  age  or  period. 

It  is  well  Icnown  that  pebbles  of  htematite  are  found  in  the  middle 
breccias  of  the  Permian.  Now,  there  is  no  doubt  that  the  breccias  sunk 
through  at  Gillfoot  Park  are  in  the  middle  of  the  Permian  formation ; 
and  the  breccias  in  the  railway-cutting  at  Arlecdon  Hill  are  probably  of  the 
same  -age,  so  that  generally  haematite  must  be  distinctly  older  than  the 
Middle  Permian. 

The  faults  in  which  haematite  often  lies  cut  through  the  Carboniferous 
Limestone  and  overlying  Permian  ;  but  there  is  often  such  a  difference 
of  the  throw  in  passing  through  tliese  different  formations  as  to 
indicate  that  even  the  faults  have  occupied  ages  in  being  thrown  to  their 
full  depth.  Thus,  in  the  fault  at  Gillfoot  Park  Mines  the  throw  in  the 
Carboniferous  Limestone  is  228  feet  and  in  the  Permian  rocks  only 
144:  feet.  It  is  probable  therefore,  in  this  case,  that  the  faulting  in 
progress  during  Carboniferous  times  was  continued  along  the  same  lines 
after  the  deposition  of  the  Middle  Permian. 
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In  a  thick  bed  of  dark  shale  found  in  a  cutting  of  the  mineral  railway 
at  Bigrigg  there  is  a  hard  stratum  of  haematite,  from  4  to  6  inches  thick, 
intermixed  with  what  had  once  been  mud  and  sand,  and  the  rocks  above 
and  below  this  stratum,  with  which  it  is  interbedded,  distinctly  indicate 
the  period  of  its  deposition.  The  specific  gravity  of  the  harder  portion 
of  this  stratum  is  3*1,  and  there  is  no  doubt  from  its  superficial  apjoear- 
ance  that  it  is  haematite.  Iron  ore,  similar  to  this,  is  often  found  in 
boring,  but  the  above  example  is  preferable,  as  it  may  be  seen  on  the 
surface. 

The  age  of  the  above  stratum  of  haematite  must  be  the  same  as  that 
of  the  Millstone  Grit  or  Yoredale  rocks,  whichever  formation  it  may  be 
detennined  that  these  beds  belong  to,  and  therefore  older  than  the  Coal- 
measures. 

Taking  the  above  facts  into  consideration,  the  wiiter  is  of  opinion 
that  the  greatest  deposition  of  hematite  took  place  in  the  Carboniferous 
age,  at  the  Coal-measm-e  period,  that  it  went  on  before  and  after  that 
age,  and  may  even  be  going  on  at  the  present  time. 

With  regard  to  the  suggestion  that  haematite  was  first  formed  at  a  high 
level  and  consolidated,  and  afterwards  carried  to  lower  levels  and  re- 
deposited,  the  writer  proposes  to  give  examples.  The  Roanhead  ]\Iines 
in  Furness  are  among  the  best  examples.  At  these  mines  there  are  deposits 
which  are  essentially  different  in  their  appearance,  namely  those  consist- 
ing of  hard  blast  ore,  and  others  of  what  may  be  called  "  brecciated  ore," 
and  with  this  gravelly  or  brecciated  ore  there  are  associated  great  bodies 
of  sand  and  clay,  side  by  side  witli  the  ore.  Small  pieces  of  soft  red 
sandstone,  4  to  6  inches  square,  have  been  seen  in  the  middle  of  a  fore- 
breast  in  this  breccia -like  ore.  It  is  impossible  to  say  decidedly  whether 
these  pieces  of  red  sandstone  have  been  introduced  in  their  present  form,  or 
whether  they  are  due  to  infiltration  of  red  sand  through  the  interstices  of 
the  ore,  but  whether  these  may  be  called  pieces  of  red  sandstone,  or  whether 
they  were  formed  by  infiltration  of  red  sand,  the  writer's  opinion  decidedly 
is  that  this  ore  has  been  brought  from  the  hard  blast  ore  in  the  limestone 
at  a  high  level  and  re-deposited  by  water  in  the  position  in  which  it  is 
now  found.  There  must  have  been  immense  wear  both  of  the  limestone 
and  the  ore  after  the  latter  was  consolidated. 

Another  instance  of  ore  having  been  re-deposited  exists  at  Pallaflat,  in 
the  Bigrigg  district,  the  wi'iter's  opinion  in  this  case  being  based  not 
only  on  the  nature  of  the  ore,  consisting  as  it  does  of  unconsolidated 
grains,  but  also  owing  to  its  being  overlain  by  shale  in  some  cases,  and 
in  other  cases  by  grey  freestone. 
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Derivation  of  the  Ore. 

The  theory  of  the  origin  of  the  iron  ore  which  commends  itself  to  the 
writer's  mind  is  the  suggestion  that  water  has  been  the  principal  agent 
in  its  deposition,  and  probably  the  most  satisfactory  way  to  account  for 
the  original  seat  of  the  iron,  whence  it  has  been  derived,  is  to  suppose 
that  it  has  been  brought  by  the  agency  of  water,  from  a  higher  to  a  lower 
level,  that  is  from  the  more  ancient  and  highly-lying  rocks  of  Cumberland. 

There  is  no  doubt,  in  the  first  place,  that  iron  is  one  of  the  commonest 
constituents  of  the  earth's  crust.  De  la  Beche,  in  his  Qeological  Researches, 
states  that  there  is  2  per  cent,  of  iron  in  "  the  whole  mineral  crust  of  the 
globe."  Then  more  particularly  he  gives  14"72  per  cent,  in  mica  slate 
with  garnets;  15"31  per  cent,  in  chlorite  slate;  12*62  per  cent,  in 
hypersthene  rock,  and  about  20  per  cent,  in  basalt.  "  Neglecting  iron 
ores,  properly  so  called,  of  every  kind,  iron  constitutes  as  an  oxide  5' 5  per 
cent,  of  the  lowest  stratified  rocks."  This  statement  is  confirmed  by 
Mr.  J.  Clifton-Ward,  who  gives  the  following  results  relating  to — 


Per  Cent 

Chiastolite  slate  ... 

7-306 

Slate,  summit  of  Red  Pike       

9-176 

Spotted  schist 

8-883 

Lava          from 

6-197 

Do.            to 

7-831 

Mica-schist          

8-880 

The  average  being 

8-045 

So  that  there  is  8  per  cent,  of  iron  in  the  bulk  of  the  more  ancient  rocks  of 
Cumberland,  or  including  the  granites,  in  which  there  is  only  2  per  cent., 
the  mean  is  5  per  cent,  of  iron  in  the  high-lying  rocks  of  Cumber- 
land. 

Take  as  an  example  of  the  quantity  of  iron  which  may  have  been 
derived  from  the  more  ancient  rocks  of  Cumberland,  the  watershed  of  the 
Ennerdale  valleys  as  it  is  at  present.  The  area  of  this  watershed  is  26 
square  miles,  and  the  quantity  of  oxide  of  iron  in  the  composition  of  the 
ancient  rocks  may  be  taken  at  5  per  cent.,  as  previously  mentioned.  The 
average  weight  of  these  rocks  is  170  lbs.  per  cubic  foot,  or  2  tons  per  cubic 
yard,  taking  the  mean  between  slate  and  granite ;  so  that  there  is  at  least 
1,000,000  tons  of  oxide  of  iron  per  square  mile,  reckoning  the  wear  at 
only  12  feet  deep,  and  the  denudation  might  be  reckoned  by  hundreds  of 
feet.  There  is  therefore  iron  in  ample  quantity  in  the  high-lying  rocks  of 
Cumberland  to  have  formed  all  the  hgematite  which  has  been  mined,  or  is 
likely  to  be  mined,  both  in  Cumberland  and  Furness. 
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Water  rises  as  vapour  from  the  sea  (and  it  is  well  known  that  the  Carbon- 
iferous period  was  particularly  moist),  and  being  carried  inland,  is  arrested, 
and  falls  copiously  on  the  high  grounds.  It  is  well  known  that  rain  in  its 
descent  absorbs  carbonic  acid  from  the  atmosphere,  and  it  is  reasonable  to 
suppose  that  there  was  a  large  percentage  of  this  acid  in  the  atmosphere 
of  Carboniferous  times.  The  rain  then  penetrates  the  rocks  not  only  by 
joints  and  fissures,  but  according  to  Bischof,  actually  enters,  disintegrates, 
and  carries  away  the  iron  in  the  body  of  these  rocks,  and  thus  becoming 
charged  with  carbonate  of  iron,  issues  in  the  shape  of  springs.  The 
oxygen  of  the  air  then  changes  the  carbonate  of  iron  into  hydrated  per- 
oxide, and  the  water  thus  charged  may  have  become  intermixed  with  the 
water  of  bogs  and  morasses  holding  organic  matter  in  solution  (which 
was  especially  the  case  during  the  Carboniferous  epoch),  by  which  the 
iron  would  become  changed  into  anhydrous  peroxide,  and  afterwards 
being  arrested  by  the  band  of  limestone  almost  encircling  the  hilly 
grounds,  the  caverns,  fissures,  and  basins  become  filled  with  it  in  the 
course  of  time,  for,  as  the  late  Sir  Charles  Lyell  remarked,  a  body  acting 
with  slight  force  for  a  long  time  may  produce  as  great  an  effect  as  a  great 
force  acting  for  a  limited  time. 

Then  after  the  basins  and  fissures,  etc.,  have  been  filled  with  peroxide 
of  iron,  comes  the  jjeriod  of  consolidation,  and  time  was  one  of  the 
greatest  aids  in  fonning  these  deposits.  As  water  was  the  principal  agent 
in  forming  hematite,  impurities  have  naturally  become  associated  with  the 
ore ;  and  loughs  or  cavities  have  been  formed  by  its  consolidation. 
In  these  loughs,  calcite  and  other  minerals  have  been  formed  from  the 
impurities  in  the  ore,  and  some  of  these  minerals,  such  as  calcspar  or  calcite, 
have  been  changed  into  haematite  as  at  the  Stank  Mines  in  Fumess,  and 
fluorspar  has  been  similarly  changed  at  the  Hodban'ow  Mines,  the  former 
being  described  by  Bischof  as  having  been  changed  in  the  "replacement" 
manner,  and  the  latter  in  the  "  iucnistation  "  f onn.  It  is  difficult  to  beUeve 
that  these  pseudomorphs  favour  the  hypothesis  that  great  masses  of  ore  Like 
those  at  the  Hodbarrow  Mines  have  been  fonned  by  replacement  of  the  lime- 
stone ;  and  assuming  the  theory  to  be  correct,  it  is  very  unlikely  that  sugar- 
loaf  pillars  (Fig.  3,  Plate  XXXVII.)  of  limestone  would  have  been  left  in 
the  middle  of  the  deposits,  as  there  is  no  reason  to  suppose  any  difference 
in  the  composition  of  the  stone  of  the  pillars  from  the  limestone  of  the  same 
beds  which  has  lieen  removed.  Differences  of  composition  are  found  in  the 
same  bed  of  limestone,  but  there  is  no  reason  to  suppose  that  these  pillars 
have  been  left  standing  in  the  ore  owing  to  the  presence  of  more  silica  in 
the  composition  of  the  limestone  at  certain  points.     The  beds  foi-niing 
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the  ore-basins  consist  of  the  purer  limestones,  and  in  the  Hodbarrow  ore- 
deposits,  the  ore  goes  deeper  and  yet  deeper  on  the  flat,  with  a  clear  run 
for  the  water,  which  hollowed  the  basins  until,  when  the  uttermost  limit 
is  reached,  the  writer  believes  that  there  will  be  found,  in  the  case  of 
Hodbarrow,  to  be  a  connexion  with  a  fault  bringing  the  Permian  sandstone, 
under  the  Duddon  Sands.  It  is  possible  that  hsematite  lies  under  these 
sands  in  bodies  so  great  as  to  be  able  to  maintain  the  rate  of  production  of 
Cumberland  and  Furness  ores  for  many  years,  but  no  attempt  is  likely  to 
be  made  to  prove  ore  under  these  sands  until  an  embankment  be  made 
from  Haverigg  Point  to  the  north  end  of  Walney  Island,  in  order  to 
shut  off  the  sea. 

The  Future  Production  of  Ore. 

The  annual  production  of  the  iron-ore  mines  of  Cumberland  and 
Furness  has  averaged  about  a  million  and  a  half  tons  from  the  former 
and  rather  under  a  million  and  a  quarter  tons  from  the  latter  during 
the  past  ten  years.  During  the  year  1890  the  quantities  were  1,431,159 
tons  from  Cumberland  and  968,467  tons  from  Furness.  It  seems  there- 
fore as  if  the  output  of  htematite  tended  to  decrease,  but  looked  at  in  a 
general  way  the  present  output  is  likely  to  be  maintained  for  many  years. 
During  the  inflated  time  of  the  early  seventies  the  output  was  1,229,826 
tons  from  Cumberland  and  926,497  tons  from  Furness,  and  there  may 
have  been  over-production  since  the  last-named  period  of  inflation,  which 
culminated  about  the  year  1882. 

The  proving  of  fresh  bodies  of  ore  is  a  matter  of  great  uncertainty, 
but  there  are  immense  possibilities  in  the  future  if  scientific  methods 
of  search  are  more  generally  employed,  in  order  to  save  expense  in 
proving  likely  ground.  Much  money  has  been  utterly  wasted  through 
the  difficulties  in  searching  and  making  proper  provision  not  being 
recognized. 

As  localities  where  possibilities  are  great,  the  writer  suggests  trials 
in  the  Skiddaw  Slates  and  Borrowdale  series  in  the  higher  districts ;  in 
the  lower  grounds  from  Rowi-ah  to  Lamplugh,  between  Egremont  and 
Beckermet ;  at  Silecroft ;  and  lastly,  and  more  particularly,  on  the 
Duddon  Sands. 

Another  important  consideration  for  augmenting  the  supply  of  ore 
is  the  washing  of  ores  which  are  mechanically  mixed  with  rubbish,  and 
this  suggestion  applies  more  particularly  to  the  ores  found  in  the  Skiddaw 
Slates  and  granites. 
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Conclusion. 

In  conclusion,  the  writer  desires  to  acknowledge  the  kind  assistance 
he  has  received  from  the  following  gentlemen  : — Mr.  Wadliam,  Millwood- 
in-Faruess ;  Mr.  W.  B.  Turner,  Ponsonby  Hall ;  Mr.  Cedric  Vaughan, 
managing  director,  Hodbarrow  Mines ;  Mr.  Crum,  Workington ;  Mr.  R. 
W.  Moore,  Whitehaven  ;  and  from  many  others. 


Mr.  J.  D.  Kendall  wrote  that  he  would  like  to  make  a  few  remarks 
on  Mr.  Shaw's  paper.  In  his  introduction  Mr.  Shaw  says  that  "at 
Distington  and  Lowca,  where  limestone  has  been  proved  to  lie  under  the 
Coal-measures,  of  course  in  an  unconformable  manner,"  As  a  matter  of 
fact  the  limestone  was  quite  confonnable  to  the  bulk  of  the  Coal-measures 
all  over  the  field.  Speaking  of  the  Basement  Conglomerate  Beds  Mr.  Shaw 
says  "  the  exact  geological  position  of  these  shales  has  not  been  investi- 
gated," It  was  quite  clear  that  Mr.  Shaw  had  not  read  his  (Mr.  Kendall's) 
paper  on  the  Carboniferous  Rocks  of  Cumberland  and  North  Lancashire,* 
This  was  still  more  evident  when,  in  the  division  of  his  paper  relating  to 
the  Carboniferous  Limestone,  he  says  of  the  sandstone  and  shales  at 
and  near  Rowrah  and  overlying  the  Carboniferous  Limestone  that  "  there 
is  a  doubt  whether  these  overlying  rocks  should  be  classed  with  the  Millstone 
Grit  or  the  Yoredale  Series."  There  was  no  doubt  whatever,  as  they  certainly 
belong  to  the  Millstone  Grit.  A  little  further  on,  speaking  of  the  Permian 
breccia  at  Egremont,  Mr.  Shaw  says  "  there  is  a  thin  bed  of  limestone  in 
or  interstratified  with  the  breccia."  Mr.  Shaw  is  not  the  first  by  many 
who  has  been  misled  by  this  so-called  limestone  bed.  There  is  no  such 
bed  in  the  ordinary  sense  of  the  word.  What  is  thought  to  be  such  by 
borers,  and  is  consequently  so  recorded  in  the  journals  of  boreholes,  is 
simply  a  more  calcerous  part  of  the  breccia  due  to  the  greater  local  al)undance 
of  frao-ments  of  limestone.  These  calcerous  accumulations  are  met  with  in 
all  parts  of  the  district,  but  scarcely  ever  twice  on  the  same  horizon,  even 
in  small  areas  :  and  some  serious  mistakes  have  been  made  in  consequence 
of  their  true  nature  not  being  recognized.  Take  one  case  for  example. 
When  the  Pallafiat  estate  was  first  bored  it  was  abandoned  as  being 

*  Transactwns  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vol.  sxsiv.,  page  125. 
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worthless.  Limestone,  it  was  thoujjjht,  had  been  cut  in  the  several  bore- 
holes but  there  was  no  trace  of  ore.  The  followers  of  these  pioneers 
soon  perceived  that  the  so-called  limestone,  in  which  most  of  the  bore- 
holes had  been  stopped,  was  really  only  fragments  of  that  rock  in  the 
Permian  breccia.  Other  boreholes  were  commenced,  this  delusive  layer 
of  limestone  passed  through,  then  the  grits,  and  finally  a  splendid  body  of 
ore  was  reached  in  the  first  or  Langhorn  Limestone.  In  speaking  of  the 
faults  of  the  district  Mr.  Shaw  says,  "The  amount  of  throw  of  the 
Micklam  fault  is  the  greatest  known  in  the  district,  the  others  all  having 
a  smaller  throw."  This  is  a  most  erroneous  statement,  as  Mr.  Shaw  will 
readily  perceive  if  he  will  take  the  trouble  to  read  his  (Mr.  Kendall's 
paper  upon  the  "  Iron  Ore  and  the  Coal-field.")  There  are  many  faults 
that  have  a  larger  throw  than  that  at  Micklam,  and  some  with  nearly 
double  the  throw.  Under  the  head  of  "  form  and  description  of  some  of 
the  principal  deposits  and  their  composition"  Mr.  Shaw,  inter  alia, 
describes  the  Gillfoot  Park  deposit,  about  the  true  nature  of  which  he 
appears  to  be  in  error.  The  deposit  is  simply  a  stratified  deposit,  and  the 
vein-like  portion  under  the  cemetery,  of  which  he  speaks,  is  due  to  the 
beds  being  tilted  at  a  high  angle  by  the  fault  A,  some  distance  back 
from  the  ore,  as  shown  in  the  annexed  section. 


Egremont 
Cemetery. 


Highway. 


Gillfoot  Park. 


:/.i^:;;*,.r:>;-^,  jw^^o."* 


In  discussing  the  age  of  the  deposits  Mr.  Shaw  says  :  "  in  a  cutting 
of  the  mineral  railway  at  Bigrigg  there  is  a  hard  stratum  of  hsematite, 
from  4  to  6  inches  thick,  intermixed  with  what  had  once  been  mud  and 
sand."  Here  some  very  important  facts  are  omitted,  viz.,  that  this  ore  bed 
contains  a  considerable  proportion  of  calcareous  rock,  many  parts  of  it  being 
entirely  limestone,  and  where  the  ore  and  limestone  are  in  contact  there  is 
a  regular  gradation  from  one  to  the  other,  just  as  is  found  in  the  large 
haematite  deposits.     The  ore  also  contains  fossil  shells  converted  into 
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haematite.  Before  leaving  this  part  of  the  paper  he  (Mr.  Kendall)  would 
Hke  to  point  out  generally  that  Mr.  Shaw  in  his  description  merely  skims 
over  the  surface  of  the  deposits,  all  the  important  facts  relating  to  their 
inner  nature — and  which  have  so  important  a  bearing  on  the  origin 
of  the  deposits — being  ignored  altogether.  There  is  no  mention  of  shale 
roofs  and  interbedded  layers  and  bunches  of  shale.  Nothing  is  said  of  the 
presence,  in  the  deposits,  of  fossils  belonging  to  the  Carboniferous  Lime- 
stone, many  of  them  wholly,  others  but  partially,  converted  into  htematite. 
No  allusion  is  made  to  the  peculiar  cellular  character  of  the  ore  as  revealed 
by  the  microscope — in  which  it  is  quite  unlike  any  sedimentary  deposit. 
The  "  growing  together  "  of  the  limestone  and  ore  is  left  unnoticed,  and 
so  are  a  host  of  other  facts,  without  a  knowledge  of  which  it  is  impossible, 
as  the  Yankee  would  say,  "  to  begin  to  be  in  a  position  "  to  deal  with 
theoretical  questions  such  as  the  age  and  origin  of  the  deposits. 

Mr.  Shaw  revives  the  old  and  untenable  idea  of  filled  caverns. 
Whether  he  had  ever  seen  any  of  the  numerous  deposits  described 
as  having  shale  roofs  over  very  large  areas  it  was  impossible  to  say, 
but  he  made  no  mention  of  them.  He  would  have  mentioned  these 
shale  roofs  if  he  had  known  of  them,  for  he  considered  it  sufficiently 
important  to  enquire  how  the  limestone  roof  at  Gdlfoot  Park  could  have 
stood  unsupported.  How  much  more  necessary  then  was  it  to  show  how 
shale  roofs  would  have  stood  under  such  circumstances  !  Had  Mr. 
Shaw  known  these  and  other  kindred  facts,  it  was  difficult  to  suppose  that 
he  would  have  held  the  opinion  expressed  in  his  paper  that  the  haematite 
of  Cumberland  was  deposited  in  caverns.  No  more  need  be  said  on  this 
point  at  present,  but  Mr.  Shaw  should  explain  to  the  membere,  on  his 
"cavern"  idea,  the  existence  in  the  deposits,  in  an  undisturbed  condition, 
of  the  shale  roofs  and  partings  and  the  Carboniferous  Lunestone  fossils 
mentioned  in  his  (Mr.  Kendall's)  paper  on  the  "  Haematite  Deposits  of 
West  Cumberland."  Would  Mr.  Shaw  also  give  the  name  of  any  lunestone 
cavern  in  England  having  anything  like  the  area  of  the  GOlfoot  Park 
dejxtsit,  and  which,  even  though  it  be  only  a  fourth  the  size  of  the  latter, 
had  not  its  floor  strewn  with  fragments  from  the  roof,  and  would  he  explain 
why  the  floor  of  the  Gillfoot  Park  deposit  was  not  so  strewn  ?  If  Mr. 
Shaw  could  not  give  these  necessary  explanations  his  "  cavern  "  idea  must  be 
abandoned.  Mr.  Shaw's  ideas  on  the  age  of  the  de}X)sits  are  greatly 
influenced  by  his  opinion  of  the  necessity  of  cavernous  receptacles  for 
the  ore.  If  that  were  abandoned  he  must  also  come  to  a  different  conclu- 
sion as  to  age.  To  conclude  with  a  few  words  on  Mr.  Shaw's  idea  as  to 
the  "derivation  of  the  ore."     It  was  quite  easy  to  suppose  iron  being 
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carried  from  a  higher  to  a  lower  level,  but  would  Mr.  Shaw  explain  how 
it  got  into  the  caverns  in  its  present  condition  of  purity?  whether  it 
was  deposited  as  a  sediment  or  as  a  chemical  precipitate,  and  in  what 
form,  whether  as  haematite,  limonite,  or  siderite?  All  these  most  im- 
portant matters  were  not  even  hinted  at  in  the  paper,  and  until  they 
had  been  dealt  with  by  Mr.  Shaw  it  was  unnecessary  to  say  more. 

Mr.  James  Leslie  Shaw,  replying  to  the  preceding  remarks,  said 
that  Mr.  Kendall  had  honoured  him  by  discussing  his  paper.  Mr. 
Kendall  quotes: — "  At  Distington  and  Lowca  where  limestone  had  been 
proved  to  lie  under  the  Coal-measures,  of  course,  in  an  unconformable 
manner."  He  preferred  to  suppose  that  these  two  classes  of  rocks  were 
unconformable,  being  unaware  that  Millstone  Grit  was  found  at  this 
particular  spot,  and  he  thanked  Mr.  Kendall  for  the  correction.  The 
shales  referred  to  in  his  paper  underlie  the  ore  in  the  Egremont  district. 
At  Grillfoot  Park  they  are  mottled,  and  would  be  hke  marble  if  they 
could  be  polished.  Since  writing  the  paper  these  shales  have  been  driven 
into  for  many  fathoms.  The  bedding  is  distinctly  seen,  and  is  similar  to 
undoubted  Skiddaw  Slates.  At  the  Wyndham  Mines  these  shales  are 
brown  with  lighter  streaks,  and  are  of  a  very  crumbly  nature.  The 
writer  is  not  aware,  however,  that  any  fossils  have  been  found  in  these 
shales,  and  he  is  not  able  to  give  an  independent  opinion,  which  is  how- 
ever not  of  consequence,  as  Mr.  Kendall  says  that  "  there  was  no  doubt 
whatever  "  about  these  shales  and  the  sandstones  and  shales  at  and  near 
Eowrah.  Mr.  Kendall  next  says,  refen'ing  to  the  Permian  breccia  at 
Egremont,  that  "  what  is  thought  to  be  such  by  borers  ....  is 
simply  a  more  calcareous  part  of  the  breccia ; "  but  as  the  thin  bed  of  lime- 
stone has  been  sunk  through  in  the  No.  4  pit  at  the  Gillfoot  Park  mines, 
he  could  not  accept  Mr.  Kendall's  explanation  as  satisfactory.  Respecting 
the  nature  of  the  Gillfoot  Park  deposit,  Mr.  Kendall  says  "  the  vein-like 
portion  under  the  cemetery  ...  is  due  to  the  beds  being  tilted  at  a  high 
angle  by  the  fault  A,  some  distance  back  from  the  ore."  The  \rater  does 
not  think  that  Mr.  Kendall  has  had  any  previous  acquaintance  with  this 
deposit,  because  he  speaks  only  about  the  eastern  side  of  the  bed-like  deposit 
being  "tilted,"  and  takes  no  notice  of  the  great  downthrow  fault  on  which 
the  vein-like  ore  lies  900  feet  to  the  west.  Mr.  Kendall  is  clearly  in  error,  his 
sketch  incorrect,  and  bis  idea  of  the  beds  being  tilted  is  quite  erroneous.  The 
beds  of  limestone  on  the  western  side  of  the  fracture  have  been  thrown  down 
at  least  150  feet,  as  shown  by  the  section  (Fig.  2,  Plate  XXXVII.)  across 
the  Gillfoot  Park,  and  consequently  there  is  no  tilting  at  all.  All  faults  and 
even  slips  of  a  foot  or  two  at  these  mines  are  downthrows  westwards.    The 
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deposit  is  both  bed-like  and  vein-like,  though  it  is  neither  in  reality,  and 
the  writer  asks  Mr.  Kendall  to  refer  to  his  paper.  The  writer  thinks 
there  is  nothing  in  Mr.  Kendall  remarks  about  there  being  calcareous 
rock  in  ore-bed  at  Bigrigg :  that  is  common  enough.  There  is  very 
much  less  lime  than  sand  in  its  composition,  the  stratum  being  com- 
posed of  haematite,  sandstone,  and  calcareous  mudstone,  formed  by  the 
ordinary  operation  of  flowing  water  and  settling  in  a  thin  stratum  with 
several  fathoms  of  dark  grey  shale  laying  above  and  below  it.  It  is 
natural  enough  that  mud  and  sand  as  well  as  haematite  should  have  settled 
in  a  moving  stream  or  estuary  beside  limestone  fossils  in  the  shape  of 
pebbles.  The  writer  sees  nothing  in  limestone  fossils  being  converted  into 
ore,  which  is  different  from  calcite  and  fluor  spar  in  a  similar  state.  Mr. 
Kendall  remarks  "  that  Mv.  Shaw  in  his  description  merely  skims  over  the 
surface  of  the  deposits."  The  writer,  however,  deemed  it  right  to 
generalize  his  paper  as  much  as  possible.  The  "growing  together"  of 
haematite  and  limestone  is  wrongly  expressed,  and  conveys  a  wrong  mean- 
ing, and  the  expression  brings  to  the  writer's  mind  what  a  master-borer 
thought,  viz.,  that  cobbles  grow  in  the  ground  like  potatoes.  The  writer 
thinks  that  limestone,  limestone  fossils,  and  spar,  are  converted  by 
contact  with  haematite  in  solution,  or  at  least  in  a  soft  state,  and  in  the 
presence  of  water.  The  old  idea  of  filled  caverns  is  only  "untenable" 
because  it  will  not  fit  with  Mr.  Kendall's  theory,  and  reminds  the  wiiter 
of  the  old  gentleman  who  ordered  a  pair  of  shoes,  and  said  to  the  shoe- 
maker "  Do  you  want  my  feet  to  fit  your  shoes  ?  "  Mr.  Kendall  is  right 
in  indicating  that  he  (Mr.  Shaw)  was  not  a  theorist.  The  writer's  mind 
is  of  a  strictly  practical  nature,  and  if  geology  were  not  a  practical  science 
it  would  not  be  studied  by  him.  He  did  not  think  it  necessary,  therefore, 
to  go  farther  afield  than  to  account  for  the  origin  of  hfematite.  He  had 
been  employed  22  years  in  the  iron-ore  mines  of  Furness  and  Cumberland 
without  seeing  a  bed  or  parting  of  shale  running  through  a  gut  of  ore  and 
into  the  limestone  on  either  side.  Any  argument,  therefore,  which  Mr. 
Kendall  founds  on  this  circumstance  the  writer  considers  to  be  very 
apocryphal.  Mr.  Kendall  is,  however,  in  error  in  saying  that  the  writer 
had  not  mentioned  that  shale  overlaid  ore.  The  writer  mentioned  that 
shale  overlaid  the  ore  in  the  Pallaflat  district,  which  Mr.  Kendall  knows 
very  well.  The  writer  mentioned  that  shale  in  the  form  of  a  regular 
stratum  overlaid  ore  which  he  believed  had  been  re-deposited,  that  is 
brought  from  a  higher  to  a  lowcl  level  after  its  first  deposition,  and  he 
referred,  as  examples,  to  Pallaflat  at  Bigrigg  in  the  Whitehaven  district, 
and  the  Roanhead  Mines  in  the  Furness  district.    The  writer  has  not  seen 
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in  the  ore  deposits  of  Cumberland  the  floor  strewn  with  fragments  from 
the  roof,  but  he  has  seen  rounded  boulders  of  limestone  come  out  of  the 
very  middle  of  the  ore,  which  were  "as  clean  as  a  new  pin"  when  broken 
into.  The  writer  considers  that  the  cause  of  the  Gillfoot  Park  cavern 
being  not  strewn  with  fragments  from  the  roof  was  owing  to  its  being 
excavated  by  the  ordinary  action  of  running  water.  No  one  knows  better 
than  Mr.  Kendall  that  haematite  deposits  are  very  far  from  being  in  a 
pure  state.  The  writer's  idea  is  that  the  iron  and  the  extraneous  matters 
were  deposited  together  in  the  form  of  sediment,  after  the  iron  had  gone 
through  the  process  of  being  chemically  changed,  as  noticed  in  his  paper, 
and  that  these  different  classes  of  matter  became  ultimately  separated  by 
the  affinity  of  particles.  That  is  also  how  he  thought  lough  holes  had 
been  formed,  spar  being  afterwards  formed  in  the  lough  holes,  all  of 
which  operations  must  have  taken  many  years  to  accomplish,  and  the 
writer's  opinion  is  that  time  is  the  greatest  element  in  the  changes  which 
have  taken  place  on  the  earth's  crust. 


The  following  paper  by  Mr.  J.  D.  Kendall,  on  "  The  Iron  Ores  of 
Sj)ain,"  was  taken  as  read : — 


VOL.  XLI.-1S01-92 
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THE  IRON  ORES  OF  SPAIN. 


Bt  J.  D.  KENDALL.  F.G.S. 


Introduction. 

Spain  cannot  be  called  an  iron-making  country;  nevertheless, it  contains 
enormous  quantities  of  excellent  iron  ore  of  various  kinds.  These,  although 
not  much  used  at  home,  have,  for  the  last  twenty  years,  been  exported  in 
increasing  quantities  to  different  quarters  of  the  globe.  Some  iron  and 
steel  are  made  at  Bilbao  and  in  the  Asturias,  but  very  little  compared 
with  that  produced  in  other  countries  from  the  exported  ores  of  Spain. 

For  obvious  reasons  the  ores  hitherto  worked  occur  within  a  few  miles 
of  the  sea.  On  the  north  coast,  along  the  Cantabrian  range  of  mountains, 
iron  ore  has  been  worked  more  or  less  extensively  in  the  provinces  of 
Navarra,  Guipuzcoa,  Vizcaya,  Santander,  and  Oviedo,  Along  the  southern 
coast  it  has  mainly  been  obtained  from  the  provinces  of  Sevilla,  Malaga, 
Almeria,  and  Murcia.  Small  quantities  have  also  been  produced  by  some 
of  the  interior  provinces,  such  as  Ciudad  Real  and  Badajoz,  but  these 
ores  have  not  as  yet  attained  any  commercial  importance. 

It  will  thus  be  seen  that  the  subject  in  its  entii'ety  is  a  very  extensive 
one ;  but  the  writer  intends,  in  this  paper,  to  confine  himself  to  a  consider- 
ation of  those  deposits  which  are  of  the  greatest  importance  commercially, 
or  the  most  interesting  from  a  scientific  point  of  view.  He,  moreover, 
proposes  to  restrict  himself  to  a  consideration  of  the  geological  features 
of  the  deposits. 

Most  of  the  papei-s  previously  published  in  the  Transactions  of  this 
Institute,  and  elsewhere,  have  dealt  rather  with  the  means  employed  in 
working  the  deposits,  very  little  indeed  having  been  published  in  this 
country,  and  not  much  abroad,  on  the  geological  characteristics  of  these 
important  ore-bodies. 

The  deposits  which  it  is  intended  more  particularly  to  describe  are 
those  occurring  in  the  provinces  of  Vizcaya  and  Santander,  in  the  north, 
and  in  the  province  of  Malaga,  in  the  south.  In  these  are  found  all  the 
various  descriptions  of  ore  used  in  the  manufacture  of  Bessemer  iron,  such 
as  siderite,  limonite,  htematite,  and  magnetite,  and  they  are  all  of  excellent 
quality. 
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The  commercial  importance  of  the  Vizcayan  ores  will  be  gathered  from 
the  following  table  of  output  from  that  province,  between  18  Gl  and 
1890:— 


Year. 

Tons. 

Year. 

Tons. 

1861 

54,000 

1876    

390,000t 

1862 

69,000 

1877    

862,000 

1863 

70,000 

1878    

1,224,730 

1864 

118,500 

1879    

1,117,836 

1865 

100,700 

1880    

2,345,000 

1866 

yo,5oo 

1881    

2,500,532 

1867 

134,000 

1882    

3,855,000 

1868 

152,000 

1883    

3,627,752 

1869 

162,000 

1884    

3,216,321  • 

1870 

246,400 

1885    

3,311,419 

1871 

208,500 

1886    

3,185,228 

1872 

423,000 

1887    

4,170,422 

1873 

386,000* 

1888    

3,591,637 

1874 

47,700 

1889    

3,885,612 

1875 

32,350 

1890    

4,272.918 

For  the  last  eight  years  the  production  has  been  equal  to  the  combined 
yield  of  Furness  and  Cumberland,  and  the  greatest  part  of  it  has  come  to 
the  British  Isles. 

Provinces  of  Vizcaya  and  Santander  (part  of). 
Literature. 

The  only  papers  that  have  come  under  the  writer's  notice,  dealing 
with  the  subject  under  consideration  at  any  length  in  this  area,  are  the 
following : — 

1.  "  Criaderos  de  hierro  de  Somorrostro,"  by  Ramon  Adan  de  Yarza, 

published  in  1876  in  the  Boletin  de  la  Comision  del  Mapa 
Geolofjico  de  Espana. 

2.  "  On  the  Somorrostro  Mines,"  by  E.  Bourson,  Revue  Univei-selle 

des  Mines,  vol.  iv. 

3.  "  On  the  deposits  of  Iron  Ore  occurring  in  Spain,"  by  G.  Prus, 

Le  Genie  Civil,  vol  v.,  p.  145. 

4.  "  Criaderos  do  hierro  de  Viscaya,"  by  Ignacio  Goenaga,  Revista 

Minera  y  Metaliunjica,  Ser.  C,  vol.  i.,  1883. 

The  first  of  these  papers  is  an  excellent  outline,  but  none  of  them  give 
much  detail  of  a  geological  nature ;  while  Mr.  Forrest's  paper,  published 
in  vol.  xxxiii.  of  the  Transactions  of  this  Institute,  as  also  that  by 
Mr.  Gill,  published  in  the  reports  of  the  Iron  and  Steel  Institute,  are 
rather  descriptions  of  the  methods  of  working  and  transporting  the  ore. 


Carlist  war  began  in  July. 


f  Carlist  war  ended  in  March, 
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Physical  Features. 
These  provinces  are  situate  on  the  northern  slopes  of  the  Cantabrian 
Range  along  the  shore  of  the  Bay  of  Biscay.  The  ground  is  mostly  hilly 
or  mountainous,  there  being  very  little  flat  or  low-lying  ground,  even  along 
the  seashore.  The  mountains  are  very  regular  in  outhne  and  the  foot- 
hills frequently  cone-shaped,  giving  them  the  appearance  of  extinct 
volcanoes.  The  greatest  altitude  reached  is  1,650  feet,  but  the  highest 
point  at  which  ore  has  been  worked  is  about  1,150  feet.  It  occurs  mainly 
at  elevations  ranging  between  GOO  and  1,100  feet,  and  in  smaller  quantities 
down  almost  to  the  sea-level. 

Geological  Structure. 
This,  so  far  as  relates  to  the  question  under  discussion,  is  compara- 
tively simple.     Stratigraphically,  the  rocks  are  capable  of  division  into 
three  parts,  as  below,  which  are  conformable  to  one  another : — 

1.  Light  grey  shale,  very  calcareous. 

2.  Grey  limestone. 

3.  Dark  micaceous  sandstone  (calcareous). 

The  area  occupied  by  these  rocks  is  shown  on  Fig.  1,  Plate  XXXVIII. 
They  are  also  exhibited  in  section  by  Fig.  2  on  the  same  plate.  The 
general  dip  of  the  strata  is  about  N.  45°  E.,  but  there  are  very  great 
variations  both  in  du'ection  and  amount  of  dip,  as  shown  in  Fig.  1. 
These  have  evidently  been  brought  about  by  an  upheaval  of  the  Canta- 
brian chain  in  Tertiary  times. 

The  thickness  of  these  rocks,  except  the  Limestone,  is  not  kno\vn,  nor 
is  it  necessary  to  our  purpose  that  it  should  be.  The  limestone,  where 
undenuded  and  fully  developed,  may  be  taken  at  about  250  feet  thick. 
All  the  three  formations  are  fossiliferous,  although  it  is  frequently  veiy 
difficult,  and  at  times  impossible,  to  ascertain  their  specific  relations.  This 
is  especially  so  in  the  limestone.  The  organic  remains  found  in  the  grey 
shale,  overlying  the  limestone,  include  the  following : — Turbo  renaiescianus 
and  Ostrea  conica.  In  the  limestone  there  are  species  of  Ostrea,  Requienia, 
Terebratula,  Astrom,  and  Mandrina.  The  dark  sandstone,  underlying  the 
limestone,  has  yielded  SphferuUtes  foUaceus,  Caprina  Verneuilli,  Ostrea 
carinata,  Rhijnchonella  coniorta,  Cidaris  vesiculosa,  Pygaster  truncatus^ 
and  Pseudodiadema  granularis. 

The  presence  of  these  remains  makes  it  clear  that  the  rocks,  in  which 
they  occur,  belong  to  the  Cenomanian  division  of  the  Cretaceous — some- 
where near  the  position  of  the  Upper  Greensand  of  England. 

The  shales  above  the  limestone  are  light  grey  in  colour,  of  a  nodular 
character  and  contain  a  considerable  amount  of  lime. 
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The  sandstones,  under  the  limestone,  are  a  very  dark  grey  (almost  black 
when  wet),  micaceous,  and  much  more  compact  than  the  shale.  The 
limestone  is  an  ordinary  grey,  compact  stone,  not  unlike,  in  appearance, 
the  Carboniferous  Limestone  of  England. 

Ore  Deposits. 
These  occur  exclusively  in  the  limestone,  and  are  therefore  clearly 
limited  in  thickness  or  depth,  at  any  particular  point,  by  the  vertical 
extent  of  that  rock.  This  most  important  fact,  from  an  economic  stand- 
point, does  not  even  yet  appear  to  be  recognized,  except  by  those  who 
have  had  a  geological  training.  The  consequence  is  that  it  is  not 
uncommon  to  hear  the  Bilbao  deposits  spoken  of  as  "  mountains  of 
ore."  This  erroneous  notion  arises  mainly  from  the  fact  that  the  sides 
of  the  mountains  have,  in  places,  the  same  dip  as  the  limestone,  or,  as  the 
ore,  where  that  has  taken  the  place  of  the  limestone.  Under  such  cir- 
cumstances it  is  clear  that  the  whole  face  of  a  mountain  might  show 
ore  and  seem,  to  the  uninitiated,  to  be  a  mountainous  mass  of  mineral, 
whereas,  in  reality,  it  would  simply  be  a  crust  of  ore.  iSuch  occurrences 
are  not  uncommon.  The  writer  has  seen  them  in  other  parts  of  the 
world  as  well  as  Spain,  and  they  invariably  suggest  the  same  erroneous 
conclusions  to  those  who  have  had  no  training  in  stratigraphy. 

In  some  cases  the  originally  enclosing  limestone  has  been  removed 
from  a  deposit  by  denudation,  but  the  horizon  can  then  be  fixed  by  the 
dark  sandstone  which  invariably  occurs  below  the  ore. 

The  largest  deposit  of  ore  occurs  on  the  Triano  Mountain.  It  is 
about  2  miles  long  by  about  f  mile  wide,  and  has  a  maximum  thickness 
of  220  feet.  Another  large  body  is  at  Matamoros.  This  is  about  1^  miles 
long  by  ^  mile  wide,  and  varies  in  thickness  from  1  to  237  feet.  Both 
these  ore  masses  have  an  irregular  elongated  form,  and  their  longer  axes 
correspond  practically  with  the  strike  of  the  strata,  which  bears  about 
N.  45°  W.  and  S.  45°  E.  Except  where  interfered  with  by  faults  this 
parallelism  of  their  longer  axes  to  the  strike  of  the  accompanying  rocks 
is  a  feature  of  most,  if  not  of  all,  the  deposits. 

A  number  of  smaller  patches  of  ore  are  scattered  about  in  the  neigh- 
bourhood of  Bilbao,  El  Regato,  and  Galdames,  as  well  as  at  Dicido 
and  elsewhere  in  Santander.  Their  distribution  will,  however,  be  better 
understood  from  an  inspection  of  Fig.  1,  Plate  XXXVIII. 

The  ores  yielded  by  these  deposits  are  chiefly  limonite,  but  there  is 
also  a  considerable  (juantity  of  haematite,  and  some  siderite  or  spathic 
ore.  The  local  names  of  these  ores  are  as  follows : — Siderite,  siderosa 
or  carhonato  de  hierro ;  limonite,  ruhio ;  haematite,  campanil  and  vena. 
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We  also  meet  with  such  names  as  vena  acamjKmilada,  vena  rubiada  or 
rubio  avenado  which  are  intended  to  describe  and,  in  fact,  do  describe 
the  compound  character  of  the  ores  to  which  they  are  applied, 

Siderite  or  Siderosa. — This  ore  is  met  with  almost  exclusively  at  or 
near  the  base  of  the  limonite  and  hematite  deposits,  mostly  as  kernels 
or  nuclei  of  those  ores,  as  shown  in  Figs.  5,  6,  7,  and  8,  Plate  XL. 
Fig.  5  is  a  section  of  the  San  Luis  Mine  close  to  Bilbao,  and  Fig.  6  a 
section  of  the  Josefa  Mine  by  the  side  of  the  River  Nervion,  and  about 
a  mile  up  stream  from  Bilbao.  Figs.  7  and  8  are  drawings  to  a  larger  scale 
of  some  of  the  kernels  seen  there.  Spathic  ore  does  not,  however,  always 
appear  as  kernels.  It  is  sometimes  seen  in  large  masses,  under  rubio, 
in  which  decomposition  has  not  yet  begun  to  operate.  Where  this  ore 
adjoins  the  limestone  there  is  a  regular  transition  from  one  mineral  to 
the  other.  The  colour  of  the  ore  is  white  or  grey.  Its  quality  is  shown 
by  the  subjoined  analyses : — 

Ferrous  oxide 
Ferric  oxide 
Carbonate  of  iron  ... 
Carbonate  of  manganese  ... 

Manganous  oxide 

Silica 

Magnesia     

Carbonate  of  lime ... 

Lime 

Sulphur 

Phosphorus... 

Water  and  carbonic  acid  ... 


Metallic  iron  

The  specific  gravity  is 

As  the  more  easily  worked  limonite  and  haematite  become  exhausted, 
no  doubt  this  ore  will  have  to  be  attacked,  but  at  present  it  is  neglected. 

Limonite  or  Rubio. — This  is  the  most  abundant  ore  in  the  two  pro- 
vinces, and  some  of  the  finest  mines — or  quarries,  rather  (for  there  are  no 
mines  proper  in  the  Bilbao  district) — are  working  it,  among  these  may 
be  mentioned  the  Orconera  and  the  Conchas  Quarries.  The  ore  has 
mostly  the  cellular  and  concretionary  character  so  familiar  to  those  who 
are  acquainted  with  the  Xorthamptonshire  ores,  although  in  places  it  is 
quite  compact  and  bedded.  This  latter  character  mostly  happens  near  the 
base  of  a  deposit,  as  shown  in  Fig.  13,  Plate  XL.  The  cells  frequently  con- 
tain a  large  amount  of  sand  and  clay,  up  to  one-third  (by  volume)  of  the 
ore,  especially  near  the  surface,  and  this  is  largely  the  reason  of  the  higher 


0) 

(2) 

— 

50-18 

— 

5-31 

91-62 

— 

2-36 

— 

— 

1-00 

4-50 

3-60 

— 

3-21 

1-60 

— 

— 

•87 

Nil. 

trace 

Nil. 

— 

— 

36-28 

100-08 

100-45 

44-23 

43-96 

3-{)  to  3-7 
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percentage  of  silica  which  analyses  of  this  ore  frequently  exhibit  as  com- 
pared with  those  of  campanil  or  vena,  for  it  is  not  possible  to  separate 
the  extraneous  siliceous  material  entirely  in  the  ordinary  operations  of 
working.  The  colour  of  the  ore  is  yellow  and  brown.  Its  quality  is 
shown  by  the  following  analyses,  which  are  of  samples  dried  at  212  degs. 
Fahr.:— 


Ferric  oxide     . . . 

Orconera. 
(Cellular.) 

79-96 

Concha. 
(CeUular.) 

78-29 

Anita. 
(Cellular.) 

78-52 

Josefa. 
(Compact. ) 

80-30 

Manganous  oxide 
Alumina 

-70 

-74 
1-15 

•55 
1-00 

•92 

2-82 

Lime       

1-00 

•50 

•31 

•72 

Magnesia 

Silica      

•55 

8-10 

•02 
8^80 

7-98 

•40 
5^42 

Sulphuric  acid ... 

•10 

•05 

•02 

•24 

Phosphoric  acid 

-03 

•02 

•06 

trace 

Water  (combined) 

8-25 
100-13 

lO^oo 

11-80 

9^12 

100^12 

100-24 
54-96 

99-94 

Metallic  iron    ... 

54-62 

54-80 

56-21 

The  apparent  specific  gravity  of  the  cellular  ore  is  about  2*9,  and  of 
the  compact  ore  3"5.  This  difference  arises  from  the  more  porous  nature 
of  the  cellular  ore. 

HcBmatite,  or  Campanil  and  Vena. — Two  kinds  of  haematite  are  found 
in  these  mines:  (1)  campanil,  of  a  reddish  colour,  fairly  compact,  and 
presenting  very  frequently  the  characteristic  fracture  of  siderite ;  and  (2) 
vena,  of  a  dark  bluish  pui-ple,  inclined  to  be  powdery,  and  to  fall  away 
on  exposure  to  the  air.  It  is  then  known  as  vena  dulce,  when  harder  it 
is  spoken  of  as  vena  dura.  Both  campanil  and  vena  are  very  porous,  and 
frequently  contain  a  mechanical  admixture  of  Ume,  which,  on  examination 
under  the  microscope,  is  seen  to  fill  the  minute  cavities  which  exist  in  the 
ore.     Their  quality  is  indicated  by  the  analyses  below  : — 


Peroxide  of  iron 

Vena. 
9070^  IT^O 

Campanil. 
8'?00~^"m)3 

Oxide  of  manganese    . . . 
Silica      

1-30 
1-05 

-70 
1-20 

1-90 
3-20 

•86 
5^91 

Alumina 

•15 

— 

— 

•21 

Lime 

TOO 

•50 

4-60 

3-61 

Magnesia          

•02 

-10 

— 

r65 

Sulphur             

-03 

-07 

— 

trace 

Phosphorus       

— 

-02 

trace 

trace 

Water  and  carbonic  acid 

5-40 

5-40 

6-00 

9-60 

99-65 

99-69 
64-19 

99^70 
58-80 

99-87 

Metallic  iron    

63-49 

54-62 
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The  appartiit  specific  gravity  of  vena  varies  jEi-orn  d'l  to  3'5,  aud  of 
eampanil  from  3'38  to  4.  Both,  as  akeady  mentioned,  are  exceedingly 
porous,  and  they  absorb  a  large  amount  of  moisture ;  but  vena  is  the 
more  porous,  and  it  is  owing  to  that  fact  that  its  specific  gravity  is  less 
than  that  of  eampanil,  although  its  metallic  yield  is  greater. 

Campanil  is  confined  to  the  small  area  on  the  Triauo  Mountain,  shown 
in  Fig.  I,  Plate  XXXYIIL,  by  means  of  dark  cross-hatching,  the  light 
cross-hatching  immediately  outside  the  latter,  being  a  mixture  of  cam- 
panil and  vena,  but  the  latter  also  occurs,  more  or  less  abundantly,  in  the 
Triano  ore  mass,  outside  these  areas,  as  well  as  in  most  of  the  deposits 
of  rubio  in  other  parts  of  the  district.  Campanil  may  sometimes  be  seen 
forming  nuclei  in  rubio.  It  contains  innumerable  loughs,  up  to  3  or  4 
inches  diameter,  and  occasionally  as  much  as  12  or  24  inches.  In  some 
cases  they  are  of  an  elongated  form,  and  parallel  to  the  bedding,  as  shown 
in  Fig.  9,  Plate  XL.  These  loughs  are,  as  a  rule,  lined  with  either  crystals 
of  calcite  or  siderite.  Often  the  ore  varies  considerably  in  hardness,  and 
in  an  irregular  manner,  as  indicated  in  Fig.  10,  Plate  XL. 

Forms  of  the  Leposils. — To  anyone  accustomed  to  work  among  the 
haematites  of  Whitehaven  and  Furness  these  Vizcayan  deposits  appear 
exceedingly  simple,  for  they  are  practically  all  on  the  same  geologiciil 
horizon,  a  circumstance  which  adds  materially  to  a  ready  comprehension  of 
them,  whilst  at  the  same  time  it  reduces  the  risk  of  the  adventurer  to  a 
minimum.  Further,  the  deposits  are  mostly  bed-like  in  form,  not\vith- 
standing  the  fact  that  in  some  cases,  from  the  effects  of  faulting,  they 
seem  to  be  vein-like.  For  instance,  the  deposit  worked  by  the  Anita 
Mine,  near  Dicido,  in  Santander,  has  quite  the  appearance  of  a  vein, 
when  viewed  in  section,  as  in  Fig.  11,  Plate  XL.  The  length  of  the 
southern  part  of  the  deposit  is  about  1,200  feet,  its  breadth  from  50  to 
95  feet,  and  at  the  time  of  the  writer's  last  visit  it  had  been  proved  to  a 
depth  of  120  feet,  so  that  it  might  easily  be  mistaken  for  a  true  vein  by 
anyone  unfamiliar  with  the  stratigraphy  of  the  district. 

The  relation  of  the  deposits  to  the  underlying  dark  sandstone  is  very 
well  seen  at  the  Josef  a  Mine,  when  looking  southward  from  the  northern  end 
of  the  tunnel  on  the  railway  between  Bilbao  and  Durango  (Fig.  12).  At 
the  southern  end  of  this  tunnel  an  interesting  section  shows  the  limestone 
and  ore  (rubio)  in  juxtaposition,  as  portrayed  in  Fig.  13,  Plate  XL. 

The  relation  of  the  ore  to  the  overlying  shale  is  best  seen  on  the 
Triano  Mountain,  in  the  San  Miguel  and  Begona  Quarries.  A  section 
through  the  former  is  given  in  Fig.  14,  Plate  XL.,  where  the  ore 
(campanil)  is  seen  to  be  overlain  by  the  grey  shales.     It  is  only  here, 


THE   IRON  ORES  OF  SPAIN.  227 

where  the  campanil  occurs,  that  this  covering  up  of  the  ore  by  solid  rock 
can  be  seen;  in  every  other  part  of  the  district  the  ore  appears  with  a 
denuded  top,  and  is  either  exposed  to  "day"  or  simply  covered  by  a  thin 
surface  accumulation  of  sand  and  gravel.  Indeed,  the  shales  do  not  cover 
the  whole  of  the  campanil  even,  but  where  they  have  been  removed,  the 
upper  part  of  the  ore  has  been  converted  into  rubio,  unless  the  ore  be 
covered  by  limestone,  as  in  Fig.  15,  Plate  XL.,  which  is  a  section  of 
the  Aurora  Mine.  In  the  latter  case,  and  also  when  the  overlying  shale 
is  present,  the  ore  has  mostly  the  campanil  character  throughout. 

Viewed  horizontally,  the  deposits  are  very  irregular  in  outline,  and  as 
already  pointed  out,  their  longer  axes  correspond  with  the  strike  of  the 
strata,  but  the  irregularities  in  their  form  have  been  determined  by  the  two 
sets  of  vertical  jointing  in  the  limestone. 

Inner  Nature  of  Deposits. — In  the  rubio  deposits,  that  is,  in  the  ore 
that  has  been  most  altered  by  weathering,  the  original  character  has 
almost  disappeared ;  some  contain  only  a  few  nodules  of  siderite  near  the 
base,  others  none,  but  there  are  deposits  that  contain  a  large  quantity  of 
this  ore  in  the  lower  parts. 

A  feature  of  the  rubio  deposits  is  the  occun'ence  of  numerous  clay 
"  backs  "  in  the  ore,  similar  to  those  met  with  in  the  ores  of  Northampton- 
shire and  Rutlandshire,  and  described  by  the  writer  in  his  paper  on 
"The  Iron  Ores  of  the  English  Secondary  Rocks."*  These  clay  backs 
occur  in  lines  parallel  to  the  vertical  jointing  in  the  limestone,  and  have 
doubtless  been  introduced,  at  a  comparatively  recent  date,  into  vertical 
cavities  in  the  ore,  produced  by  the  shrinkage  thereof,  along  certain 
divisional  planes,  during  the  alteration  from  siderite  to  limonite.  The  ore 
adjoining  these  masses  of  clay  partakes  largely  of  the  character  of  vena. 

In  the  campanil  deposits  we  see  many  things  to  remind  us  strongly  of 
the  haematites  of  Whitehaven  and  Furness.  First  amongst  these  are  the 
large  irregular  masses  of  limestone  interbedded  with  the  ore,  as  shown  at 
B  in  Fig.  14,  Plate  XL.,  which,  as  already  stated,  is  a  section  of  the  San 
Miguel  Mine  or  Quarry.  The  same  sort  of  thing  could  also  be  witnessed 
some  time  ago  in  the  Begona,  Cesar,  Marquesa,  Aurora,  and  other  quarries 
in  the  same  neighbourhood.  A  very  interesting  section  of  this  nature 
was  exposed,  a  few  years  ago,  in  the  Cesar  Mine,  and  is  given  in  Fig.  16, 
Plate  XLI.  The  dip  of  the  interbedded  limestone,  as  also  of  the  partings 
in  the  ore,  corresponded  exactly  with  that  of  the  limestone-beds  outside 
the  ore  mass. 

*  Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vol.  xxxv.,  pp.  105-157. 
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Kernels  of  siderite  occur  in  the  campanil  near  the  base,  and,  here  and 
there,  at  all  levels  masses  of  brown  siliceous  stone,  which  shade  off 
gradually,  in  all  directions,  into  the  ore.  Vena  and  rubio  are  also  met 
with,  but  not  in  great  quantity  until  we  get  into  that  part  of  the  deposit 
which  is  uncovered  by  either  limestone  or  shale. 

So  far  as  the  ^vriter  is  aware  no  organic  remains  have  been  found  in 
the  ore. 

Province  of  Malaga  (Part  of). 

Although  this  district  has  not  attained  the  same  importance  com- 
mercially as  that  portion  of  Yizcaya  and  Santander  which  has  been 
dealt  with  above,  it  is  most  interesting  from  a  scientific  point  of 
view.  It  would  no  doubt  soon  be  better  known  to  the  iron  world  than  it 
is  were  it  more  opened  up  by  railways,  for  there  are  some  magnificent 
deposits  of  excellent  ore  that  have  not  yet  been  touched,  and  that  only 
need  railways  to  render  them  available  for  immediate  use. 

Literature. 
The  writer  is  not  cognizant  of  anything  having  been  written  on  the 
ores  of  this  district  except  a  short  paper  by  Mr.  "W.  M.  Vivian  on  the 
deposit  of  ii'on  ore  at  Marbella,  published  in  the  Transactions  of  the 
South  "Wales  Institute  of  Engineers.*  Mr.  Vivian  was  formerly  manager 
of  the  Marbella  Mine,  but  notwithstanding  that  fact  he  gives,  unaccount- 
ably, a  most  inaccurate  description  of  its  geological  features.  He  says 
"  the  country  rock  on  all  sides  of  the  deposit  consists  of  crystalline  lime- 
stone." As  a  matter  of  fact  the  country  rock  is  amphibolite  and  mica- 
schist,  as  will  hereafter  be  seen. 

Physical  Features. 
The  area  now  to  be  considered  fonns  part  of  the  mountainous  region 
known  as  the  Serrania  de  Ronda,  and  extends  from  the  shore  of  the 
Mediterranean  Sea  to  an  altitude  of  about  6,400  feet.  Excepting  a  narrow 
strip  along  the  sea  coast  the  ground  is  entirely  mountainous,  and  much  of 
it  quite  bare  of  vegetation. 

Geological  Structure. 

All  the  rocks  met  with  in  the  area  with  which  we  are  more  particularly 

concerned  belong  to  the  Archasan  age,  and  consist  of  dolomite,  gneiss, 

amphibolite,  mica-schist,  and  serpentine.      As  is  usual  with  rocks  of  this 

class,  the  strata  are  much  contorted,  and  frequently  assume  very  high 

*  Vol.  siv.,  pp.  48-52. 
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angles.     The  areas  occupied  hj  the  different  classes  of  rock  are  shown  on 

Fig.  3,  Plate  XXXIX.     On  the  same  plate  they  are  shown  in  section  by 

Fig.  4. 

Ore  Deposits. 

The  principal  ore  of  iron  found  in  this  region  is  magnetite  (hierro 
magnetico).  Its  quality  is  excellent,  as  will  be  seen  on  reference  to  the 
following  analyses  of  ore  from  three  different  parts  of  the  area: — 


1. 

2. 

3. 

Peroxide  of  iron 

68-04 

70-40 

59-43 

Protoxide  of  iron 

21-37 

21-96 

24-17 

Oxide  of  manganese     . . . 

1-40 

trace. 

•22 

Silica       

2-60 

0-30 

7-13 

Alumina              

3-42 

1-50 

2-46 

Lime        

-20 

trace. 

•44 

Magnesia            

1-18 

3-36 

5^41 

Sulphur 

•04 

•04 

•07 

Phosphoric  acid . . . 

•01 

— 

•02 

Water  and  carbonic  acid 

1-74 

100-00 

2-44 

-69 

100-00 

100-04 

Metallic  iron      64-25  66-36  60-40 

Its  colour  is  black,  and  its  specihc  gravity  varies  from  4*34  to  4" 9. 
When  pure  it  is  quite  opaque,  as  viewed  under  the  microscope,  but  when 
somewhat  mixed  with  country  rock  it  presents  the  appearance  of  Fig.  17, 
Plate  XLI. 

Form  of  the  Deposits. — These  deposits  of  magnetite  usually  present  the 
form  of  bedded  veins,  mostly  with  high  angles,  but  sometimes,  as  in  Fig. 
18,  Plate  XLL,  their  inclination  is  not  very  great.  The  deposit  shown  in 
this  figure  occurs  about  4  miles  north-west  of  Estapona.  There  is  not  much 
in  the  section  calling  for  remark,  beyond  this,  that  where  the  ore  and 
limestone  or  dolomite  join,  the  two  minerals  are  very  intimately  united, 
fine  strings  of  ore  running  into  the  limestone  and  vice  versa,  whereas 
the  junction  between  the  magnetite  and  the  serpentine  is  clear  and 
distinct,  and  foniis  a  regular  line,  such  as  we  usually  sec  at  the  junction 
of  calcareous  with  sUiceous  or  aluminous  beds. 

The  more  usual  mode  of  occuiTcnce  of  this  ore  is  that  shown  in 
Fig.  19,  Plate  XLL,  which  is  the  section  of  a  body  of  splendid  ore 
found  at  Robledal,  about  12  miles  due  north  of  San  Pedro  El  Cantara, 
and  at  an  altitude  of  about  4,50(-»  feet.  The  course  of  this  deposit 
is  east-and-west,  and  it  can  be  traced  for  a  considerable  distance  on 
the  surface,  but  it  has  not  yet  been  sufficiently  opened  up  to  enable 
anyone  to  say  what  may  be  its  exact  form  horizontally,  but  usually 
such  deposits  are  inclined  to  be  lenticular.     This  is  perhaps  the  universal 


230  THE   IKON   OEES   OF   SPAIN. 

experience  in  rocks  of  this  age  found  in  other  parts  of  the  world  and 
here,  too,  where  they  have  been  extensively  opened  out,  as  at  Marbella, 
for  instance,  A  plan  of  that  deposit  is  given  in  Fig.  20,  Plate  XLI.,  and 
although  the  extremity  of  the  ore  has  not  been  reached  in  a  south-westerly 
direction,  yet  so  much  as  has  been  proved  is  clearly  of  a  lenticular  form 
notwithstanding  the  shif tings  caused  by  cross-faulting.  Fig.  21,  Plate 
XLL,  shows  a  cross-section  of  this  deposit  along  the  line  F  G.  Fig. 
22,  Plate  XLL,  is  a  cross-section  along  the  line  H  I.  It  will  be 
noticed  that  the  deposit  actually  dips  in  opposite  directions  at  these 
points,  the  change  of  dip  taking  place  at  the  fault  a  h,  Fig.  20.  The 
hanging  and  foot  walls  of  the  deposit  consist  mainly  of  amphibolite 
and  mica-schist,  the  latter  in  places  showing  beautiful  large  crystals  of 
biotite.  These  rocks  include,  here  and  there,  lenticular  masses  of  dolo- 
mite. Similar  masses  of  the  same  stone  are  met  with  occasionally  between 
the  ore  and  the  wall  rock,  as  shown  at  E,  Fig.  22.  The  junction  between 
the  ore  and  the  dolomite  is  invariably  very  complicated,  the  two  minerals 
frequently  running  into  one  another  in  threads,  veins,  and  irregular 
masses,  as  described  by  the  writer  in  his  paper  on  the  haematite  deposits 
of  "West  Cumberland  and  Furness  in  the  case  of  the  junctions  of  haematite 
and  limestone. 

Lenticular  masses  of  amphibolite  or  other  similar  rock  are  frequently 
met  with  in  the  ore,  as  at  F,  Fig.  22.  Some  little  pyrite  and  also 
pyrrhotite  are  found  in  association  with  the  magnetite,  but  not  sufficient 
to  interfere  in  any  way  with  its  commercial  value. 

Origin  of  the  Deposits. 
Vizcayaii  Deposits. 
Those  who  have  studied  the  winter's  papers  on  the  haematite  deposits 
of  "West  Cumberland  and  Furness  can  have  very  little  hesitation  in 
coming,  at  once,  to  the  conclusion  that  the  deposits  in  the  Cretaceous 
rocks  of  Vizcaya  and  Santander  originated  by  a  process  of  replacement. 
It  will  be  sufficient  to  remember  the  section  of  the  San  Miguel  Quarry, 
Fig.  14,  Plate  XL.,  in  which  the  ore  is  shown  to  be  covered  up  by 
shale,  a  state  of  things  Avhich  could  not  possibly  have  happened  if 
the  ore  had  been  deposited  in  pre-existing  caverns.  This  shale  would 
clearly  have  fallen  away  if  left  unsupported,  whilst  the  production  of 
the  ore  contemporaneously  with  the  limestone  is  altogether  out  of  the 
question.  The  original  ore  was  doubtless  formed  as  a  Ccirbonate,  and  that 
has  been  altered  into  rubio,  campanil,  and  vena  through  the  action  of  the 
air  and  oxygenated  waters.  The  modus  operandi  of  this  change  is  partly 
shown  in  Figs.  5,  6,  7,  and  8,  Plate  XL.     "Why  the  process  of  alteration 
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should  have  resulted  in  the  formation  of  campanil,  or  of  campanil  and 
vena,  at  one  place,  and  of  rubio  or  rubio  and  vena  at  another,  is  not  quite 
so  clear ;  but  the  writer  is  disposed  to  think  that  these  variations  are 
simply  consequences  of  the  different  conditions  under  which  the  change 
has  been  effected,  campanil  being  the  result  where  the  change  was  carried 
out  under  a  shale  or  limestone  cover,  as  at  Triano,  whilst  rubio  was  pro- 
duced wherever  air  and  water  had  free  access  to  the  original  spathic-ore, 
tlu-ough  its  being  exposed  by  denudation.  A  very  much  larger  area  of 
campanil  may  have  existed  once  than  that  worked  at  Triano,  and  have 
been  subsequently  altered  to  rubio,  for  we  have  it  proved  that  such  a 
change  can  take  place,  by  the  fact  already  mentioned,  that  campanil 
has  been  found  as  the  nuclei  of  rabio.  Vena  is  clearly  the  last  stage  in 
the  process  of  evolution. 

As  to  the  source  of  the  iron  which  produced  the  original  carbonate, 
this  may  have  been  in  the  shales  overlying  the  limestone.  These  rocks, 
like  most  shales,  contain  a  considerable  quantity  of  iron ;  but  there  is  a 
difficulty  in  this  supposition,  as  pointed  out  by  the  writer  in  his  paj:>er  on 
"The  Iron  Ores  of  the  English  Secondary  Rocks."  Seeing  that  the 
shales  once  overlaid  the  limestone  at  every  point,  how  do  we  account  for 
the  localization  of  the  deposits  in  certain  places  only  with  large  areas  of 
barren  limestone  between  them  ?  That  may  be  owing  to  the  presence  of 
faults,  in  the  particular  localities,  where  ore  was  formed,  for  as  a  matter 
of  fact  these  dislocations  are  found  near  most,  if  not  all,  the  deposits.  In 
this  way  the  difficulty  is  surmounted  in  a  fairly  satisfactoiy  manner,  for 
the  circulation  of  underground  waters  would  be  much  more  active  along 
these  lines  of  fracture  than  elsewhere.  It  is  however  quite  possible  that 
the  iron  may  have  been  borne  to  its  present  resting  place,  by  underground 
waters,  during   the   period   of   volcanic   activity,   which   produced   the 

Cantabrian  range. 

Malaga  Deposits. 

The  origin  of  the  magnetites  of  this  area  is  much  more  difficult  to 
account  for  than  that  of  the  Vizcayan  deposits,  but  the  writer  is  con- 
vinced that  the  explanation  which  he  gave  of  the  origin  of  the  haematites 
in  the  Skiddaw  Slates  and  the  volcanic  rocks  of  Borrowdale*  will  also 
account  for  the  ores  in  the  Archtean  rocks  here,  but  without  a  double 
replacement.  If  we  assume  that  the  magnetites  were  preceded  by  dolo- 
mite it  is  quite  easy  to  understand  how  these  ores,  like  those  of  Vizcaya, 
could  have  been  produced  by  replacement,  and  the  writer  is  satisfied 
that  they  originated  in  that  way.     The  assumption  of  the  pre-existence 

*  "  The  Mineral  Veins  of  the  Lake  District,"  Transactions  of  the  Manchester 
Geological  Society,  1884,  vol.  xviii.,  pp.  292-341. 
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of  lenticular  masses  of  dolomite,  where  the  ore  now  occurs,  is  rendered 
highly  probable  when  we  remember  that  even  now  similar  masses  alter- 
nate with  the  siliceous  and  aluminous  rocks  adjoining  the  ore  deposits, 
and  the  idea  is  still  further  strengthened  by  the  occurrence  of  such 
pieces  of  dolomite  as  that  shown  at  E,  Fig.  22,  Plate  XLI.,  actually 
forming  a  wall  to  the  ore.  In  Fig.  18  we  have  as  clear  a  case  of 
replacement  as  in  the  haematite  deposits  of  Cumberland. 

Since  the  writer  first  put  forward,  in  1874,*  the  idea  of  replacement  as 
an  explanation  of  the  hgematite  deposits  of  "West  Cumberland  and  Furness 
he  has  had  numerous  opportunities  in  various  parts  of  the  world  of  testing 
its  applicability  to  other  deposits  of  iron  ore,  but  (excepting  metamorphic 
ores)  he  has  not  yet  met  with  a  single  case  where  the  ore  was  younger 
than  the  enclosing  rocks,  in  which  it  failed.  The  old  idea  of  filled  caverns 
and  fissm'es  is  altogether  untenable,  and  it  is  not  a  little  surprising  that  in 
a  text-book  like  Geikie's,  it  should  still  be  propagated.  The  veriest  tyro 
in  mining,  when  it  is  brought  under  his  notice,  will  at  once  see  an 
insuperable  objection  to  such  an  idea,  in  the  impossibility  of  keeping  such 
large  spaces  open  whilst  they  were  being  filled,  especially  where  there 
are  shale  roofs  or  soft  slaty  walls  to  the  deposits. 

"What  the  original  form  of  the  magnetites  was  it  is  impossible  to  say, 
it  may  have  been  either  siderite  or  hiematite.  Its  magnetic  character  is 
in  all  probability  due  to  the  same  metamorphic  action  that  has  operated 
on  the  enclosing  rocks  and  produced  such  changes  in  them. 

The  source  of  the  iron  may  have  been  the  adjacent  siliceous  and 
aluminous  rocks,  or  it  may  have  been  volcanic. 

Age  of  the  Deposits. 
Little  can  be  said  under  this  head.  "We  only  know  that  the  "Vizcayan 
deposits  occur  in  rocks  that  are  of  Upper  Cretaceous  age,  but  we  have 
no  meaiis  of  saying  how  much  younger  the  ores  are  than  the  rocks  in 
wliich  they  lie.  Only  one  thing  can  we  be  sm-e  about  and  that  is  they 
are  younger.  The  same  remarks  apply  to  the  Archaean  magnetites  of 
Malaga.  They  may  be  very  much  younger  than  the  rocks  in  which  they 
occur,  but  even  geologically  we  cannot  fix  their  relative  ages.  They 
were  certainly  not  contemporaneous  with  the  rocks  in  which  they  are 
intercalated,  as  set  forth  in  at  least  one  im^wrtant  text-book.  This  is 
proved  conclusively  by  the  ramifying  strings  and  threads  of  ore  which 
traverse  the  adjacent  rocks  and  vice  versa,  as  well  as  by  the  form  of  the 
deposit  of  which  Fig.  18,  Plate  XLI.,  is  a  section. 

*  "  The  Haematite  Deposits  of  Whitehaven  and  Furness,"  Transact} om  of  tlie 
Manchester  Geological  Society,  1874,  vol.  xiii.,  pp.  231-283. 
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NOTES  UPON  THE  MINES  IN  THE  ARGENTINE  REPUBLIC, 
SOUTH  AMERICA. 


By  H.  D.  HOSKOLD. 


Mr.  H.  D.  HosKOLD  communicated  the  following  addenda  to  and 
coiTections  of  his  Notes*: — 

Territoey  of  Chubut. 
Recently  explorers  have  returned  from  the  National  territory  of 
Chubut,  and  the  Department  of  Mines  has  received  160  applications  for 
gold-mining  concessions.  It  is  reported  that  the  general  yield  is  from  4s. 
to  £4  per  cubic  yard,  and  further,  that  the  auriferous  lands  are  extensive, 
and  that  there  exists  every  facility  for  carrying  on  an  hydraulic  system  of 
mining.  These  gold-fields,  if  they  may  be  so  called,  exist  in  the  small 
flats  and  gorges  in  the  mountain  regions,  parallel  with  and  to  the  east 
of  the  Andes.  An  official  inspection  will  shortly  be  made  in  order  to 
verify  the  reports  and  value  of  the  mining-fields. 

Salt. 

Several  important  deposits  of  salt  have  been  discovered  in  various 
parts  of  the  Argentine  Republic.  Massive  rock  salt  is  found  in  the 
National  territory  of  Neuguen.  In  the  territories  of  Chubut  and  the 
Pampa  Central,  and  also  in  the  south-western  part  of  the  province  of 
Buenos  Ayres,  there  are  extensive  lakes  whose  waters  are  strongly  charged 
with  salt ;  and  by  natural  evaporation,  during  the  hot  season,  a  large 
quantity  of  very  pure  salt  is  deposited  round  the  margin  of  the  lakes.  A 
considerable  number  of  mining  concessions  have  been  granted  to  work 
salt,  which,  according  to  analyses,  is  superior  to  Cadiz  salt. 

The  principal  salt  company  is  the  "  Rio  Negro,"  and  it  has  made 
preparations  to  carry  on  a  large  trade.  During  the  seasons  of  1890,  1891, 
and  1892  the  Rio  Negro  Salt  Company  collected  12,366  tons  of  salt  per 
year,  employing  75  men.  When  the  company's  railway  is  finished  from 
their  salt  lake  to  San  Bias,  it  is  estimated  that  from  70,000  to  100,000 
tons  of  salt  will  be  obtained  per  annum. 

This  salt  is  employed  in  curing  hides  and  meat,  and  also  for  general 
trade  purposes.  It  is  believed  that  the  fine  table  salt  produced  will  shut 
out  that  imported  from  England,  which  has  hitherto  been  solely  used. 

*  TruHnactiuna  of  the  Federated  Institution  of  Mining  Engineers,  vol.  iii.,  pp. 
418-440. 
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Errata. 

Page  420,  lines  1  and  2,  should  read  "  and  those  in  the  National  territory  to 
the  National  Government,  The  latter,  however,  has  reserved  the  right  to  frame  all 
laws,  including  the" 

Page  421,  line  18,  should  read,  "contain  the  usual  classes  of  copper,  such  as 

carbonates,  sulphides,  and" 

Page  431,  line  2,  should  read,  "ounces  of  silver  per  ton,  and  11"49  per  cent,  of 
copper.     It  is  of  a  dark" 

Page  4ol,  line  37,  should  read,  "  also  valuable  and  extensive  deposits  of  borax  of 

excellent  quality,  but" 

Page  439,  last  line,  should  read,  '•  concentrated  in  the  resulting  regulus  in  the 
same  proportion.     After  the  ore" 

Page  442,  line  11,  should  read,  "ore  is  situated  at  Pilciao,  in  the  eastern  part  of 
the  province  of  Catamarca.     The  ore  " 

Page  446,  lines  20  and  21,  should  read,  "  been  much  impeded,  resulting  from  the 
state  of  the  country,  and,  generally  speaking,  the  disinclination  of  the  natives  to 
appreciate  or  accept  anything  approaching  to" 
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NORTH  OF  ENGLA.ND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


EXCURSION  MEETING, 
On  the  occasion  op  the  Visit  op  the  Societe  des  Ingenieues  sortis  de 

L':6C0LE   PKOVINCIAIiE  ET   DES   MiNES  DU   HAINAUT, 

ON  June  30th,  July  1st  and  2nd.  1892. 


The  visitors  and  members  were  received  in  the  Wood  Memorial  Hall, 
Newcastle-upon-Tyne,  by  the  President  (Mr.  John  Bell  Simpson)  and 
the  Council  of  the  Institute. 


The  President  (Mr.  John  Bell  Simpson)  entertained  the  visitors  and 
members  on  June  30th,  at  the  Durham  College  of  Science,  Newcastle- 
upon-Tyne. 


The  visitors  and  members  dined  together  on  July  1st,  at  the   Old 
Assembly  Rooms,  Newcastle-upon-Tyne. 


VOL.  XLI.-1891-92. 
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GEOLOGY  OF  THE  COAL-FIELD  OF  NORTHUMBERLAND 
AND  DURHAM. 


By  CHARLES  J.   MURTON. 


This  well-known  coal-field  is  situated  within  the  counties  of  North- 
umberland and  Durham,  and  may  be  divided  geologically  into  two 
divisions : — 

a.  The   Upper   Carboniferous  rocks,    comprising  the  true   Coal- 
measures,  Gannister  beds,  and  Millstone  Grit. 
h.  The  Lower  Carboniferous  rocks,  comprising  the  Mountain  Lime- 
stone or  Bernician  series,  the  Tuedian  and  Basement  beds. 
The  true  Coal-measures  are  of  a  triangular  shaped  area,  the  base  being 
in  the  county  of  Durham,  from  a  point  a  little  north  of  Barnard  Castle 
across  to  the  Hartlepools  and  out  seawards,  say  3^  miles,  and  the  apex  in 
Northumberland,  near  the  mouth  of  the  River  Coquet.     The  western 
side  is  the  visible  line  of  outcrops  of  measures  above  the  Millstone  Grit, 
the  eastern   side  being  an  imaginary  line  from  the  Coquet  to  a  point 
eastward  of  Hartlepool.     The  area  of  the  coal-field  is  about  800  square 
miles.     The  Mountain  Limestone  occupies  the  western  and  northern  part 
of  the  counties  (Figs.  1  and  2,  Plate  XLIL). 

The  geological  features  of  this  coal-field  are  perhaps  better  known 
than  those  of  almost  any  other  in  Great  Britain.  Generally  speaking,  the 
rise  of  the  strata  is  fairly  constant  towards  the  north-west,  and  in  the 
south-eastern  portion  of  the  field  the  Coal-measures  are  covered  over  un- 
conformably  by  Permian  or  Magnesian  Limestone.  The  beds  emerge  from 
under  this  newer  formation  in  a  line  from  South  Shields  towards  Darling- 
ton. Although  the  various  faults  or  dislocations  of  the  strata,  and  the 
physiography  of  the  country,  somewhat  alter  what  would  otherwise  be  the 
regular  appearance  of  the  different  strata  and  beds  of  coal,  yet  on  the 
whole  the  outcrops  are  fairly  regular,  and  the  Millstone  Grit  appears  from 
under  the  true  Coal-measm'es  in  a  line  })assing  from  near  the  mouth  of 
the  Coquet,  through  Morpeth,  Ponteland,  towards  Wolsiugham.  Outside 
the  band  of  about  2  miles  wide  of  Millstone  Grit,  the  Lower  Carboniferous 
series  come  to  the  surface,  and  occupies  the  western  districts  of  these 
counties. 

The  general  rise  of  the  rocks  being  towards  the  north-west,  the  strike 
of  the  beds  or  approximate  outcrops  is  iu  a  north-east  line. 
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Westward  this  rise  is  not  so  well  defined,  owing  to  the  effects  of  the 
Stublick  Dyke,  and  in  the  south  to  the  strata  rising  up  unconformably 
under  the  Permian.  The  sections  across  the  coal-field  clearly  show  the 
general  an'angement  of  the  strata  (Figs.  4  and  5,  Plate  XLIII.). 

The  Magnesian  Limestone,  so  called,  owing  to  the  general,  though 
varying  prevalence  of  carbonate  of  magnesia  throughout  the  formation, 
forms  the  picturesque  coast-line  of  Durham,  with  its  numerous  inlets  and 
caves.  Lying  unconformably  on  the  Coal-measures,  it  also  forms  a 
marked  feature  as  an  escarpment  more  or  less  pronounced  throughout 
eastern  Durham,  as  at  Westoe,  Sherburn  Hill,  Coxhoe,  etc.  In  Northum- 
berland it  caps  the  Castle  Cliff  at  Tynemouth,  and  on  the  downthrow 
side  of  the  Ninety-fathoms  Dyke  is  also  visible  at  Cullercoata,  Whitley 
quarries,  Killingworth  (Closing  Hill),  and  Hartley. 

Any  limestone  containing  more  than  about  20  per  cent,  of  cai'bonate 
of  magnesia  may  be  called  a  magnesian  limestone.  Throughout  the  series 
the  proportion  varies  from  ml  to  about  40  per  cent.  The  following  is  an 
average  analysis  of  a  magnesian  limestone : — 

Per  Cent. 

Carbonate  of  lime        ...         ...         f)8 

Carbonate  of  magnesia  ...         ...         ...         35 

Silica      5 

Alumina  ...  ...  ...         ...         ...  1 

Peroxide  of  iron  1 

A  thin  marl  slate  is  visible  at  various  places  below  the  limestone,  and 
above  a  deposit  of  friable  sandstone,  known  as  the  "  Yellow  Sandstone," 
frequently  containing  water.  This  sandstone  is  very  variable  in  thick- 
ness, owing  to  the  inequalities  of  the  denudation  of  the  Coal-measures 
being  first  covered  with  it,  and  it  thus  fills  up  depressions  and  makes  an 
even  floor  for  the  succeeding  deposits.  At  Murton  it  is  30  feet  thick ; 
Thornley,  3G  feet ;  Seaham,  3  feet ;  Ryhope,  96  feet ;  and  at  Sunderland 
it  is  absent. 

The  sinking  of  Wearmouth  Colliery  by  Messrs.  Pemberton,  begun  in 
182G,  was  at  that  time  considered  a  most  hazardous  and  adventurous 
undertaking,  as  it  was  generally  thought  that  even  if  the  Coal-measures 
extended  so  far  under  the  Permian,  they  would  at  any  rate  be  so  deteri- 
orated as  to  be  valueless ;  and  the  adventure  was  a  most  striking  proof 
of  faith  in  geological  principles.  It  was  the  f oreninner  of  numerous  other 
ventures  of  a  like  description  in  this  coal-field. 

The  rocks  of  the  true  Coal-measures,  following  the  lines  laid  down  by 
Professor  Lebour,  may  be  divided  as  follows  : — All  the  series,  from  the 
highest  known  coal-seam  down   to   the  Brockwell  Seam,  are  taken  as 
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the  "Coal-measures,"  and  below  the  Brockwell  Seam  clown  to  the 
first  recognizable  bed  of  limestone  in  the  Carboniferous  Limestone  series 
are  described  as  the  "  Gannister  and  Millstone  Grit  series." 

The  rocks  constituting  the  Coal-measures  consist  of  alternate  beds  of 
sandstone  (locally  called  "post"),  shales  (locally  "metal"  in  coal  district, 
and  "  plate  "  in  lead-mining  district),  fireclay  or  "  seggar,"  and  coal. 

Near  the  top  of  the  Coal-measures,  for  about  600  feet  above  the 
High  Main  Seam,  there  are  found  valuable  beds  of  a  fine-grained,  hard 
sandstone,  known  as  the  "  grindstone  post "  (out  of  which  have  been 
dressed  for  centuries  back  the  "  Newcastle  grindstones,"  once  so  famous), 
the  70-fathoms  post,  generally  in  several  beds,  and  the  High  Main  post. 
"Whenever  the  High  Main  Seam  is  within  the  above-mentioned  distance 
from  the  surface,  quarries  are  or  have  been  worked  in  one  or  other  of 
these  beds,  as  at  Backworth,  Killingworth,  Benwell,  Elswick,  Kenton, 
Byker,  Sheriff  Hill,  Springwell,  etc.     (See  Fig.  2,  Plate  XLII.) 

The  shales  are  of  numerous  varieties,  from  a  black  bituminous  splint, 
which  seems  often  to  be  part  of  a  coal-bed  itself,  to  non-bituminous  black 
metal,  blue  metal,  and  grey  metal.  Many  of  these  layers  of  shale  contain 
nodules  and  thin  bands  of  ironstone,  which  at  one  time  were  extensively 
wrought  in  various  places,  but,  since  the  discovery  of  iron  ores  in  Cleveland 
and  elsewhere,  are  no.w  un wrought.  Bands  called  "  mussel-beds,"  almost 
entirely  composed  of  Anthracosia  shells,  are  somewhat  persistent,  one 
bed  is  found  above  the  High  Main  Seam,  and  another,  better  known,  is 
that  found  a  few  feet  above  the  Low  Main  Seam. 

In  the  Museum  of  the  Natural  Histoiy  Society,  Newcastle-upon- 
Tyne,  there  is  a  splendid  and  valuable  collection  of  Coal-measure  fossils. 

The  fireclays  or  seggars  are  almost  always  found  to  form  the  floor 
of  the  coal-seams,  although  they  often  become  so  arenaceous  as  to  be 
almost  post.  A  good  fireclay  contains  a  large  proportion  of  silica  and 
is  free  from  lime  and  soda  (which  act  as  fluxes),  organic  matter,  etc.  It 
may  be  mentioned  that  25  per  cent,  of  the  fireclay  mined  in  the  United 
Kingdom  comes  from  this  coal-field. 

In  connexion  with  the  northern  coal-field  many  have  ably  contributed 
to  the  correlation  of  the  coal-seams  found  in  various  pai'ts  of  the  district. 
Mr.  Buddie,  in  1830,  was  the  first  to  give  a  synopsis  of  comprehensive 
arrangement,  and  this  was  enlarged  by  Mr.  J.  B.  Simpson,  in  1877,  in 
a  valuable  sheet  of  sections.  The  latest  is  that  now  given,  and  which 
was  drawn  up  by  Mr.  M.  Walton  Brown  in  1887  (Plate  XLIV.).* 

*  Tran-sactionx  of  the  Xorth  of  England  IiiAtitnte  of  Mhiiiui  and  Mechanical 
Entj'nievr.s,  vol.  xxxvii..  pp.  3-21. 
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There  is  a  deposit  of  varying  thickness  of  boulder  clay,  from  a  few 
feet  to  as  much  as  300  feet  in  the  valley  of  the  Team,  found  over  almost 
all  the  area  of  the  coal-field. 

Taking  the  above  authorities  as  guides,  the  twenty-three  workable 
beds  of  coal  (out  of  sixty  altogether)  may  be  described  in  descending 
order  as  follows : — 

No.  23. — Closing  Hill  Seam. — About  20-inches  thick.  It  is  found 
only  at  Closing  Hill  Quariy,  near  Killingworth,  on  the 
north  or  downthrow  side  of  the  Ninety-fathoms  Dyke, 
rising  rapidly  from  the  fault  and  outcropping  within  a 
very  limited  area. 

Strata,  about  450  feet. 

No.  22. — Hehhurn  Fell  or  Monkton   Seam. — About  2-feet  8-inches 
thick.     This  also  is  limited  in  area,  but  has  been  worked 
a  little  at  Benton,  Hebburn,  and  Jarrow.     It  is  of  inferior 
quality,  and  interstratified  with  bands. 
Strata,  about  250  feet. 

No.  21. — Five-Quarter    Seam. — About   i-feet   thick.     It    has   been 
worked  in  the  Blyth  district. 
Strata,  about  260  feet. 

No.  20. — Three-Quarter,  Blackdose  or  Moorland  Seam. — About  2-feet 
thick  in  Blyth  district,  but  very  variable  and  of  inferior 
quality.     At  Kenton  it  was  worked  as  the  70-fathoms 
coal,  and  was  also  worked  at  Gosforth,  Benton,  etc. 
Strata,  50  to  180  feet. 

No.  19. — High  Main  Seam  in  Northumberland,  Shield  Row  Seam  in 
Durham. — In  the  south  of  Northumberland  it  was  found 
6  and  7-feet  thick,  and  is  split  up  by  bands  in  Durham. 
It  is  now  almost  entirely  wrought  out,  but  was  a  very 
valuable  seam,  being  the  original  "  Wallsend  "  as  applied 
to  household  coal. 

Strata,  50  to  150  feet. 

No,  18. — Metal  Coal  Seam. — About  3-feet  thick. 

j^o.  17. — Stone  Coal  Seam. — About  3-feet  thick.  In  the  south-east  of 
Northumberland  these  two  seams  are  about  30  feet  apart. 
In  the  Cramlington  district  they  unite  and  form  the  Grey 
Seam,  8-feet  thick.  In  Mid-Durham  they  form  the 
Five-Quarter  Seam,  of  4  feet  to  6  feet  in  thickness. 
Strata,  60  to  110  feet. 
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Xo.    16. —  Yard  Seam. — From  2   feet  to  -i  feet  iu  tliickuess.      In 
Northuraberlancl   a    constant    seam   of    hard   and   good 
quality.     It  is  the  Main  Coal  Seam  of  Durham,  where 
it  varies  from  3  to  6  feet  in  thickness. 
Strata,  60  to  100  feet. 

No.  15. — Bensham  Seam. — A  variable  seam  of  2  feet  to  6  feet  in 
thickness.    It  is  the  well-known  Maudlin  Seam  of  Durham. 
Strata,  about  75  feet. 

No.  14. — Six-Quarter  Seam. — This  seam  is  found  near   the  Tyne, 
about  2-feet  6-inches  thick. 
Strata,  25  feet. 

No.  13. — Five-Quarter  Seam. — On  the  Tyne  it  is  about  2-feet  8-inches 
thick.  These  two  seams  form  the  Hutton  Seam  of  Pontop 
and  Consett,  and  the  Low  Main  Seam  of  the  Wear,  3-feet 
8-inches  thick. 

Strata,  about  50  feet  to  No.  11,  comprising: — 

No.  12. — Brass  Thill  Seam  of  Durham,  or  Grow  Coal  of  Ryton. 

No.  11. — Low  3Iai/i  Seam  of  Northumberland  and  the  Button  Seam  of 
Durham. — This  is  perhaps  the  best  known  and  most 
valuable  of  all  the  seams.  It  is  almost  constant  through- 
out the  entire  coal-field,  but  varies  in  height  and  character, 
being  remarkable  as  producing  in  Durham  the  best  coal 
"for  gas-making  (being  rather  tender)  and  for  household 
purposes,  and  north  of  the  Tyne  changing  gradually  into 
a  hard  steam  coal.  It  varies  from  2  feet  to  6  feet  in 
thickness. 

Strata,  30  to  100  feet. 

No.  10. — Plessij  Seam. — 3   feet   thick,  or   less,   near  Morpeth,  but 
limited  in  area.     The  Ruler  Seam  of  the  Ryton  district. 
Strata,  80  to  150  feet  to  No.  8,  comprising : — 

No.  9. — A  thin  seam,  the  Little  Wonder  of  Warkworth. 

No.  8. — Beaumont  or  Harvey  Seam  of  Durham :  the  Engine  Seam 
of   Throckley. — About  3  feet  to   3  feet  10  inches,  but 
variable  in  thickness. 
Strata,  about  20  feet. 

No.  7. — Hodye  Seam. — 2-feet  6-inches  thick. 
Strata,  20  feet. 
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No.  6. — Tilley  Seam. — 2-feet  thick.  These  seams  are  local  and 
variable  in  Scotswood  and  Ryton  districts. 

Strata,  from  30  to  45  feet,  comprising  in  the  upper 
part : — 

No.  5. — Hand  Seam. — A  thin  but  well-known  and  distinctive  seam  in 
the  Ryton  district. 

No.  4. — Stone  Coal  Seam. — 3-feet  thick. 
Strata,  25  feet. 

No.  3. — Five-Quarter  Seam  {Six-Quarter  Seam  of  Wylam).^ — 3  feet  6 
inches  thick.     This  and  No.  4  seams  form  the  Busty 
Bank  Seam  in  Durham  districts,  6-feet  thick. 
Strata,  30  to  50  feet. 

No.  2 — Three-Quarter  or  Yard  Seam  of  Wy\am. — 3-feet  3-inches  thick. 
Strata,  about  50  feet. 

No.  1. — Brochvell  Seam  or  Denton  Loiv  Low  Main  Seam. — This  seam 
is  persistent  throughout  the  whole  district,  but  variable 
from  1  foot  to  4  feet  in  thickness.  This  seam  is  always 
reckoned  as  the  lowest  of  the  true  Coal-measure  series. 

Below  the  Brockwell  Seam,  in  the  Gannister  and  Millstone  Grit  series, 
are  a  few  thin  but  workable  seams,  2  feet  to  3  feet  in  thickness,  in  the 
Crook  district  of  Durham.  At  Eltringham,  near  Prudhoe,  a  cannel  seam 
is  worked,  2-feet  thick  and  less,  about  10  or  12  fathoms  below  the  Brock- 
well  Seam,  but  it  appears  to  be  local. 

Mention  may  be  made  of  the  small  tracts  of  true  Coal-measures  met  with 
in  the  valley  of  the  Tyne,  near  Haltwhistle,  and  stretching  into  Cumber- 
land. These  small  areas  have  been  principally  preserved  on  the  north  and 
downcast  side  of  the  Stublick  Dyke,  that  fault  becoming  greater  going  west- 
ward, and  counteracting  the  general  and  gradual  rise  of  the  strata  north- 
ward and  westward.  The  seams  rise  rapidly  from  the  fault,  and  soon  out- 
crop to  the  north.  The  Stublick  coal-field  is  the  first  of  these,  about  5  miles 
south-west  of  Hexham,  and  extends  4  or  5  miles  along  the  dip  side  of  the 
dyke,  being  then  cut  off  by  the  valley  of  the  West  Allen  River.  The 
lowest  bed  here  outcrops  about  400  yards  from  the  fault.  West  of  the  Allen 
River,  and  in  more  detached  portions  caused  by  the  shape  of  the  hills,  are 
the  coal-fields  of  Plainmellor,  Kingswood,  and  Coanwood,  where  the  seams 
are  somewhat  thicker.  A  little  further  west  the  Hartley  Burn  and  Midge- 
holme  tracts  are  found,  where  the  seams  are  thicker  and  a  little  deeper,  so 
that  the  coal-field  has  a  breadth  of  about  1  mile,  the  length  being  about  2 
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miles  (east  to  west).     The  western  boundary  is  formed  by  a  whin  dyke, 
beyond  which  the  Carboniferous  Limestone  is  found. 

The  following  synopsis  of  the  seams  in  these  outlying  coal-fields  is 
based  upon  observations  by  Mr.  M.  Walton  Brown*:— 


True  Coal- 
Measures. 


No. 


No. 


No. 


Plain- 

Mellor. 

Five- 
Quarter 
Seam. 

Yard 
Sea  VI. 


COANWOOD.  MlDGEHOLHE. 

Fife-  Craignook  Seam,  8  feet 

Quarter  6  inches. 

Seam.  Strata,  62  feet. 


Three- 
Quarter 
Seam. 


Three-Quarter    Seam, 

2  feet  3  inches. 
Strata,  72  feet. 

Coonrroof.    WelUihe  Seam,  5  feet 

3  inches. 
Strata,  103  feet. 


Seven- Quarter 
5  feet. 


Seam, 


Gannister 
and  Mill- 
stone Grit 
seriea. 


Cannel.       Cannel.      Cannel. 


Stublick. 
4. — Cannel  Seam.   1 
foot  9  inches. 
Strata,  GO  feet. 

?,.—  Yard    Seam,    2 
feet  8  inches. 
Strata,  27  feet. 

-Three  -  Quarter  Coomroof. 
Seam,  2  feet  8 
inches. 
Strata,  24  feet. 

No.  1. — Main  Coal  Seam,        — 
3  feet  8  inches. 
Strata,  42  feet. 

No.  i.—Foot  Coal,  1  foot 
1  inch  to  1  foot 
6  inches. 
Strata,  27  feet. 

'^0.2.— Little  Coal  Seam,         —  —  — 

1    foot   10  in- 
ches. 
Strata,  21  feet. 

No.  1. — Stone  Coal  Seam,         —  —  — 

*  1  foot  8  inches. 

As  an  instance  of  a  "  nip-out "  that  in  the  Five-Quarter  Seam  at 
Towneley  ColUery  may  be  mentioned.  It  is  more  than  1,000  yards  in 
length  by  40  or  50  yards  in  breadth,  the  extra  thickness  of  coal  on  either 
side  being  equivalent  in  quantity  to  that  squeezed  out  of  the  area  affected. 

A  well-known  "  swelly  "  is  that  found  in  the  Low  Main  Seam  extend- 
ing from  Xewsham  to  Backworth,  a  distance  of  about  5  miles.  On 
either  side,  the  seam  is  less  than  the  average  height,  the  ''  swelly  "  being 
about  200  yards  in  width,  the  thickness  of  coal  in  the  centre  being 
8  feet,  gradually  thinning  out  to  3  feet.  The  western  side  is  more  faulted 
and  disturbed  than  the  eastern  side,  the  latter  being  at  Backworth  60  feet 
lower  than  the  western  side. 

As  an  example  of  denudation  the  "  Team  wash "  is  interesting.  It 
was  described  by  Messrs.  Nicholas  Wood  and  E.  F.  Boyd,t  and  extends 
from  the  south  of  Durham  almost  in  a  straight  line  to  the  junction  of 
the  Team  River  with  the  Tyne,  once  forming  a  wide  valley,  15  miles  in 

*  Transactions  of  the  Xorth  of  England  Ttixtitvte  if  Mining  and  Mcihanical 
Engineers,  vol.  xxxvii.,  pp.  3-21. 

•)•  Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vol.  xiii.,  pp.  69-85. 
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length  or  more,  between  the  Tyne  and  "Wear,  and  now  filled  up  with  sand, 
gravel,  and  clay.  The  Team  wash  has  denuded  the  strata  for  a  depth 
of  300  feet  in  some  places,  and  at  its  junction  with  the  Tyne  the  bottom 
is  140  feet  below  the  present  high-water  level  (Fig.  3,  Plate  XLIL). 

Probably  of  the  same  age,  and  connected  with  it  by  the  Tyne  valley, 
is  an  extensive  wash  alluded  to  recently  by  Mr.  Simpson  as  being  met 
with  in  the  Five-Quarter  and  lower  seams  at  Mickley  and  Prudhoe 
Collieries.  It  has  already  been  proved  in  the  Five-Quarter  Seam  for  a 
distance  of  2^  miles,  the  width  being  800  yards,  whilst  in  the  Brockwell 
Seam,  about  100  feet  deeper,  it  is  40  yards  in  width.* 

Rising  from  underneath  the  Millstone  Grit,  in  a  line  already  described, 
the  Mountain  Limestone  extends  westward  and  forms  the  high  and 
rugged  moors  and  fells  of  the  two  counties  and  the  hills  of  the  Pennine 
Chain. 

The  series  consist  principally  of  numerous  beds  of  limestone  of  varying 
thicknesses,  sandstones  from  coarse  to  fine  textures,  shales,  coal-seams,  and 
fireclays,  the  latter  not  being  so  persistently  allied  with  coal-seams  as  in 
the  Coal-measures.  The  proportion  of  shales  and  coal-seams  increases 
compared  with  the  limestones  going  from  south  to  north.  The  thicknesses 
of  the  various  beds  alter  frequently,  thinning  and  thickening  and  dis- 
appearing rapidly  in  a  way  difficult  to  trace.  This  characteristic,  as  well 
as  the  little  explored  state  of  the  district,  makes  any  attempt  to  correlate 
the  various  seams  of  coal,  or  to  describe  them  in  the  same  way  as  the 
well-proved  seams  of  the  Coal-measures,  almost  impossible.  Many  small 
pits  and  day- drifts  have  been  worked  and  are  working  at  certain  localities 
for  landsale  purposes.  Acomb  Colliery,  near  Hexham,  worked  for  a  great 
number  of  years,  but  was  recently  abandoned.  At  Shilbottle,  near 
Alnwick,  and  at  Scremerston,  near  Berwick,  much  coal  has  been  wrought. 

According  to  Westgarth  Forster,  the  entire  thickness  of  the  Mountain 
Limestone  is  about  2,500  feet  in  the  Alston  district  or  south-west  portion. 
Professor  Lebour  puts  the  thickness  in  the  tract  between  the  Tyne  and 
Coquet  at  8,000  feet,  and  Mr.  G.  Tate  that  of  North  Northumberland  at 
about  2,500  feet,  showing  an  immense  thickening  in  the  central  portion, 
chiefly  in  the  sandstones  and  shales. 

The  coal-seams  increase  in  number  and  value  going  northward, 
especially  in  the  lower  part  of  the  series.  Thus,  at  Acomb,  the  seam 
worked  was  near  the  top  and  the  section  4  feet  8  inches  of  coal.  At 
Shilbottle,  there  are  three  seams  of  from  2  feet  to  3  feet  6  inches.  At 
Beadnell  the  seams  are  more  numerous,  from  1  foot  6  inches  to  3  feet  and 

*  Tratisactiom:  nf  the  Federated  Institution  of  Mininfj  Engineers,  vol.  i.,  p.  306. 
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4  feet,  and  at  Scremerston  there  are  at  least  seven  seams  from  2  feet 
6  inches  to  3  feet,  4  feet,  and  5  feet  in  thickness.  The  average  thickness 
of  the  seams,  where  worked,  is  from  2  to  3  feet.  They  are  all  bituminous 
and  generally  of  good  quality,  but  some  contain  more  ash  than  usual,  and 
are  somewhat  sulphurous.  It  is  probable  the  seams  are  sometimes  re- 
peated by  faults  and  other  disturbances. 

Mr.  M.  Walton  Brown  has  compiled  the  accompanying  synopsis  of 
these  seams  (Plate  XLV.). 

The  chief  value  of  the  limestone  beds  is  in  their  use  as  a  flux  in 
the  manufacture  of  pig  iron  in  the  Cleveland  district,  etc.  Near  Stanhope 
they  are  largely  quai-ried  and  the  supply  of  stone  is  practically  unlimited. 
Along  the  outcrops,  extending  northward,  the  stone  at  various  points  is 
burnt  in  kilns  into  lime. 

An  average  analysis  of  Mountain  Limestone  is — 

Per  Cent. 

Carbonate  of  lime 96 

Magnesia       1 

Peroxide  of  iron  and  alumina       1 

Insoluble  in  hydrochloric  acid     2 

At  Holy  Island  the  top  bed  of  limestone  contains  as  much  as  35  per  cent, 
of  carbonate  of  magnesia. 

Lead-mining  has  been  carried  on  in  the  south-west  districts  for  many 
centuries,  the  ore  being  found  in  the  veins  and  cross-veins  passing  through 
the  beds,  but  further  north  the  strata  shows  no  prospect  of  being  metal- 
liferous. 

The  effects  of  igneous  action  are  frequently  met  with  in  this  coal-field, 
in  the  shape  of  basaltic  dykes  and  ordinary  dislocations  or  "faults." 
Amongst  others  may  be  mentioned  : — 

The  Great  Whin  Sill,  a  widely  distributed  intrusive  basalt,  which 
generally  alters  so  little  in  its  horizon  and  relation  to  other  beds  in  the 
Alston  district,  that  at  one  time  it  was  thought  to  be  a  stratified  rock. 
Investio-ation,  however,  showed  it  to  be  intrusive  and  independent  of  the 
deposition  of  the  strata,  its  relative  horizon  altering  as  much  as  1,000 
feet.  Its  outcrop  stretches  across  Northumberland  in  a  line  more  or  less 
parallel  to  the  other  outcrops.  On  it  are  built  the  old  historical  castles  of 
Dunstanburgh  and  Bamburgh,  and  it  forms  the  rock  of  the  Fame  Islands. 
In  South  Durham  it  forms  the  waterfalls  of  Caldron  Snout  and  High 
Force.  It  varies  from  20  to  150-feet  thick,  but  is  generally  from  80  to 
100-feet  thick. 

The  Oockfield  Whin  Dyke  runs  in  a  south-eastern  direction  from  the 
Cockfield  district,  and  is  from  50  to  60-feet  thick.     At  most  points  where 
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intei'secting  coal-seams,  it  has  been  found  changed,  thus  :  bad  coal,  half 
reduced  to  cinder,  75  feet ;  cinder  coal,  50  feet ;  and  sooty  substance,  30 
feet,  and  similar  alternations  are  found  on  the  other  side  of  the  dyke.  At 
Bolam  the  basalt  has  overflowed  laterally. 

The  Hett  Whin  Dyke,  also  from  the  Cockfield  district,  runs  in  a 
north-eastern  course  through  Shotton  and  South  Durham. 

The  Coaley-Hill  Dyke  is  first  seen  in  the  west,  near  Whorlton.  It 
passes  through  Fenham  and  Newcastle  to  Walker,  and  seawards  under 
the  Magnesian  Limestone.  It  varies  in  thickness,  and  at  Spital  Tongues, 
within  a  few  yards,  varied  from  2  feet  to  16  feet. 

The  Mausoleum  Dykes,  near  Blyth,  comprise  several  small  and  gener- 
ally parallel  dykes  not  affecting  the  beds  on  either  side  to  any  great 
extent. 

The  Acklington  Dyke  stretches  from  the  coast  near  Acklington, 
where  it  is  30-feet  thick,  across  Northumberland  and  the  Cheviots  into 
Scotland.     At  Clennell  it  overflows  the  Tuedian  beds. 

The  Beadnell  Dyke,  from  25  feet  to  30-feet  wide  on  the  coast  at  that 
place  is  traceable  a  few  miles  inland. 

The  Holy  Island,  or  Lindisfarne  Dyke,  visible  at  the  south  side  of  the 
island,  forming  high  craggy  hills  of  columnar  basalt,  and  stretching  sea- 
wards a  couple  of  miles  as  the  Plough  and  Goldstone  rocks.  On  the 
western  side  of  the  island  it  is  120-feet  wide,  the  strata  being  considerably 
higher  on  the  south  side  than  on  the  north,  and  much  broken  and 
metamorphozed.     On  the  mainland  it  is  traceable  about  14  miles. 

There  are  several  other  dykes  in  the  Carboniferous  Limestone,  running 
principally  in  north-eastern  and  south-western  directions  :  the  Brunton 
Dyke,  from  West  Allendale  to  Wall ;  the  Bavington  Dyke,  beginning  a 
little  to  the  north  of  the  termination  of  the  last,  near  Bavington  Hall  it  is 
of  great  but  irregular  thickness,  thinning  away  in  its  north-eastern  course 
to  a  yard  or  less ;  the  Lewis  Burn  Dykes,  several  in  number,  and  running 
parallel  from  Short  Cleugh  to  south  of  Tosson  ;  the  Boulmer  Dyke,  100- 
feet  wide,  and  the  Ho  wick  Dyke  are  only  visible  on  the  coast;  the 
Hampeth  Dyke,  150-feet  wide,  is  seen  in  the  burn  south-west  of  Shil- 
bottle ;  the  Cornhill  Dyke  is  in  the  extreme  north,  and  visible  for  7 
miles,  cutting  through  the  Tuedian  and  Bernician  rocks. 

The  Butterknowle  fault  in  South  Durham,  running  south  of  and 
nearly  parallel  to  the  Hett  Dyke,  is  an  upthrow  to  the  north  of  240  to  420 
feet. 

The  Tanfield  fault,  an  upthrow  to  the  north  of  about  240  feet,  is 
variable. 
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The  Heworth  fault,  of  100  to  150  feet  downcast  to  the  north,  runs 
from  Ryton,  through  Heworth,  eastward. 

The  Ninety-fathoms  Dyke  seems  to  begin  near  Whittonstall,  and  rims 
in  a  north-eastern  direction  through  Newburn  and  Gosf  orth  to  Backworth, 
where  it  takes  a  more  easterly  turn,  continuing  seawards  to  Cullercoats. 
It  is  a  downcast  to  the  north  at  Kenton  of  750  feet,  at  Gosforth  of 
1,000  feet,  at  Earsdon  of  900  feet,  and  Whitley  of  600  feet.  The  strata 
on  the  north  side  of  this  fault  dip  rapidly  towards  it  along  its  entire 
length  for  a  breadth  of  about  half  a  mile. 

The  Stublick  Dyke,  which  may  almost  be  called  a  continuation  west- 
ward of  the  Ninety-fathoms  Dyke,  begins  near  Whittonstall,  runs 
westward  into  Cumberland,  increasing  in  throw.  Owing  to  this  fault  the 
small  fields  of  Stublick,  Coanwood,  etc.,  already  alluded  to,  have  been 
preserved  from  denudation.  As  with  the  Ninety-fathoms  Dyke  the 
seams  rise  rapidly  from  this  fault  northwards. 

At  Ryton  and  "Wylam  are  two  faults,  one  of  40-fathoms,  the  other  of 
20-fathoms,  downthrow  to  the  west. 

The  Briardean  fault  commences  near  the  bend  of  the  Ninety-fathoms 
Dyke  at  Backworth,  and  increases  rapidly  towards  Hartley,  where  it  has 
a  30-fathoms  downtlirow  to  the  north. 

The  Stakef ord  fault  near  Bothal  is  a  downthrow  north  of  50-fathoms. 

Many  of  the  smaller  faults  are  most  complicated  in  their  appearance, 
having  entirely  different  structure  in  the  different  seams,  although  perhaps 
only  a  few  feet  apart,  and  may  have  been  partly  caused  by  a  sliding  or 
slipping  movement  of  the  partially  solidified  seam  accompanying  the 
primary  dislocation. 

In  the  limestone  series  the  fissures  are  much  more  frequent  and 
larger,  extending  for  long  distances  along  the  line  of  fault,  and  are  often 
filled  up  with  ore,  etc.,  which  have  probably  been  chemically  deposited 
from  below,  or  crystallized  out  of  the  strata  when  water-bearing.  Here 
again,  the  principal  veins,  as  faults  are  called  in  metalliferous  mining, 
run  east  and  west,  but  there  are  numerous  and  valuable  cross  veins  in 
north-and-south  dh-ections.  The  sides  of  the  veins  or  cheeks  approach 
and  widen  out  irregularly,  sometimes  only  being  an  inch  or  two,  then  two 
or  three  feet,  or  more.  As  a  rale,  the  veins  seldom  can-y  metallic  ores  in 
plate  beds  or  shales.  The  spaces  between  the  limestone  beds  and  the 
fractured  Whin  Sill  are  the  richest  spots. 

This  coal-field  does  not  contain  many  distinct  varieties  of  coal,  being 
almost  bituminous  throughout.  There  is  no  anthracite,  no  semi-anthracite 
or  smokeless,  and  very  little  cannel.     The  differences  in  the  economic 
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SYNOPSIS  OK  TlIK  COAL  SKAMS  OK  THK  UI'l'Klt  OAUnoNIKKItOllS  MEASUKKS 


il 

Closing  Hill    . 

■Jl 

llebburn   Fell 
or  Moukton 

Coal 

Five-Quarter 

■JO 

Splint          ...     Crow  C«al 

Coal 

Three  Quarter 

ThrecQuarter  or 
SeventyFathoins 

Black    Clow 
orMoorUnd 

19           

ThreeQuartcr  Shiolil  Row 

.     Shicl.l  Ron 

V  IliKh  Main  ,  . 

Kenton  Main  Coal 
orSeven-Quarter 

Olclie 

l>inghir«t  Top 
Siam 

IS 

IT             

Five.Quarter»pi^.^y„„^,^.^„ 
j      Splint  Coal. 

^  j  Hard  Coal 

M.talCoal 
Stone  Coal    . . . 

.       1  Holly  well    Reins, 
(    FiveQuarter,  or 
1     NewhiggenStone 

'  Crey  or 
,      Blake 

.  .Main 

(  .jjl 

16 

MainCoal..     Brass  Thill     .. 

Main  Coal 

Yard  Coal 

Yard  Coal 

YanlCoal 

Yard     . 

•  VaL 

1 

^" 

15             

14             

13 

[Maudlin     ..  1 

1                         ^  Hutton 

Low  Main  ..  ' 

Maudlin... 

1 ' 

Benshain 
Six-Quarter  .  . 
FiveQuart.r 

Main  Coal 

Benshani 

\  OrandLcase 
j      Main  Coal 

(  Benwell     Main 

Bensham 

Six-Quarter 

Hartley 
SUJue  Coal 

Coal     ... 

Quarry           ...  Utgham  Top 

Band UlghamMain 

CoaL 
jlUdcliffe. 

s 

12 

Brass  Thill 

Brass  Thill        Little  Co.il     .. 

Brass  Thill 

(row  Coal     r   *^'°"'  "■■  "'"'■^ 
i     .Seam 

1 

1 

11     Four  Feet      . 

Hutton 

Hutton       ...     Main  Co»l     ... 

Hutton 

Low  Main     ... 

Five-Quarter 

Fivo-Quarler  1 

b.w  .Main     . 

Yard  Seam  at  Coal 

Pegswood 

Prince  Alber: 

= 

10    Coal 

Coal       . 

Two-Quarter 

Kulor 

Ruler         ..      Coal       

IMessy 

Plessy            ...  Coal 

Queens. 

9     Coal 

Coal     

Coal 

Little  Wondt 

8     Yard  Seam 

Three- 
Quarter 

Harvey  or 
Constantine 

Harvey       ...     No.  1  .Seam    ... 

Beaumont 

Beaumont 

Harlow  Fell 

Towncley          Beaumont  or 
Main                Engine 

Beaumont    . 

Beaumont     ...  Widdrington 
.Main  Coal 

Princess  or  Tof 

7            

Hodge  or          Hudgc 

Splint 

6    Coal 

Stone  Coal 

TiUey 

Tilley         ...       •      

.5 

Hand 

Hand         ..      Coal     

( 

4 

3    Five-Quarter 
or  Crow  Coal 

Ballarat 
Busty     .. 

Ballarat 

Five-Quarter 
or  .let 

)                                          1  Upper 

I-"  ■■■!=!,.» 

[Busty 

Coal 

Five-Quarter 
orMainCoal 

Six-Quarter 

Whickham      Stoue  Coal  or 
Stone  Coal       Three-Quarter 

Five-Quarter    Denton  Low  Mai 
or  Jet                or  Main  Coal 

Coal 

Coal Coal 

Coal 

Duke  or  Maic 

2     Thrce.Quarter 

1  Top  C'>»1 

■'li-oi  Lilll.. 
.Suam 

Pasture  Drift  .. 

Yard 

Three-              Threc-Quurteror 
Quarter            Black 

Coal 

Coal 

V.inl  or  Bottom. 

1 

1     Main  Coal 

)  MainCoal 

Main  Conl 

liroukwell ...     Brockwell 

Broekwell 

Brockwell... 

Horalev              Denton  Low  Low  Coal 

\\ood'               Main  or  Splint 

Coal Coal 

(iivins  \-.\ 

h 

3    Coal 
2    Coal    . 

Vietoria 
Mar.h;.,l|l :,,.,., 

I'oal            ...     Coal     

Coal 

Coal         

(\m1. 
l\«.l. 

M 

1     (-...il 
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values  seem  to  be  more  of  a  physical  and  textural  character  than  chemical 
composition.  By  analysis  alone  no  one  can  distinguish  a  steam  coal,  a 
gas,  a  coking,  or  a  household  coal  from  each  other.  From  peats  and  lignites, 
with  their  50  or  60  per  cent,  of  carbon,  the  percentage  increases  towards 
anthracites,  with  their  1)4  per  cent.,  to  graphite,  which  is  almost  pure 
carbon. 

Subjoined  is  an  analysis  of  several  varieties  of  coal : — 

C.  H.  N.         O.  S.         Ash.      Coke. 

I. — Coking    coal     from     Andrew's 

House,  Hutton  Seam,  Durham      85-58     5-31     1-26     4-39     1-32     2-10    65-13 

II. — Steam     coal     from    Ashington 

Colliery,    Low    Main     Seam, 

Northumberland         82-05     4-78     1-02     9-32     0-78     2-05     63-30 

III. — Household  coal  from  Haswell 
Colliery,  Hutton  Seam,  Dur- 
ham              83-47     6-68     1-42     8-17     0-(5       0-20     62-70 

IV. — Semi-anthracite    or     smokeless, 

from  Duffryn,  South  Wales...       88-26     4-66     1-45     0-60     1-77     3-26     84-30 

The  following  table  shows  the  output  of  this  district  and  the  United 
Kingdom,  and  the  great  increase  generally  of  late  years : — 


No.  of  Tons. 

No  of  Tons. 

Year. 

Northumberland  and  Durham. 

United  Kingdom. 

1816 

4,826,683 

15.634,720 

1860 

18,244,708 

80,042,698 

1870 

27,613,539 

110,431,192 

1880 

34,913,508 

146,969,409 

1889 

39,101,182 

176,917,671 

1890 

39,711,276 

181,614,288 

1891 

39,138,382 

185,479,126 

In  1871  the  Royal  Commission  estimated  the  available  quantity  of 
coal  in  this  coal-field  at  7,452, 25(),(»00  tons.  After  deducting  the  coal 
worked  since  1870,  about  6,700,000,000  tons  are  left  unwrought,  which, 
at  an  average  output  of  40,000,000  tons  per  annum,  equals  170  years' 
duration  for  the  true  Coal-measures.* 

Mr.  M.  Walton  Brown  has  recently  estimated  the  quantity  in  the  Car- 
boniferous Limestone,  with  10  feet  of  workable  coal,  at  8,000,000,000 
tons.  This  estimate  might  be  increased,  as  it  excluded  all  but  the  visible 
limestone  series. 

*  The  Royal  Commission,  in  their  calculations,  took  the  limit  of  the  coal  sea- 
wards as  2  miles  north  of  the  Tyne,  and  3^  miles  south  of  the  Tyne.  From  the 
northern  point  of  the  coal-iield  to  about  Hartley  the  dip  of  the  strata  is  east  and 
south-east.  From  Hartley  to  Marsden  the  strata  rises  eastward,  but  again  dips 
east  and  south-east  at  Monkwearmouth.  From  Sunderland  to  nearly  the  southern 
point  the  general  direction  is  still  eastward  ;  so  that,  although  the  limit  of  2  miles 
north  of  the  Tyne  may  be  accepted,  the  limit  of  3^  miles  south  of  the  Tyne  (owing 
to  the  greater  depth  and  more  regular  lie  of  the  beds)  may  in  the  future  be 
exceeded. 
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THE  TEES  SALT  INDUSTRY. 


By  T.  W.  STUART. 


The  Tees  salt  deposit  was  discovered  by  Messrs.  Bolckow  &  Vauglian 
in  1862  while  searching  for  water,  but  Messrs.  Bell  Bros,  were  the  first  to 
develop  it.  The  bed  of  rock-salt  is  about  4  miles  from  north  to  south, 
and  2|  miles  from  east  to  west,  giving  an  area  of  nearly  12  square  miles, 
with  a  thickness  varying  from  60  to  110  feet.  The  strata  overlying  the 
rock-salt  consists  in  round  figures  of  100  feet  of  soil  and  clay,  next  about 
500  feet  of  water-bearing  sandstones  containing  an  inexhaustible  supply  of 
W'ater  from  which  all  the  brine  is  produced,  and  then  about  300  feet  of 
marl ;  immediately  under  the  marl  the  rock-salt  is  found  at  a  depth  of 
about  900  feet.  In  some  parts  the  rock-salt  is  found  at  variable  depths 
up  to  1,500  feet. 

Two  of  the  salt  works  are  owned  by  the  United  Alkali  Co.,  known  as 
Allhusen's  works  and  Tennant's  works  respectively.  Allhusen's  works 
consist  of  12  brine-wells  and  23  salt-pans.  These  works  produce  common 
salt  exclusively,  of  which  they  make  about  1,000  tons  per  week  for  use  in 
the  company's  chemical  works  on  the  river  Tyne,  where  it  is  utilized  in 
the  manufacture  of  alkali,  bleaching  powder,  etc.,  by  the  Leblanc  process. 
Tennant's  works  consist  of  8  brine-wells,  20  common  salt-pans,  and  4  block 
salt-pans,  producing  about  1,000  tons  of  common  salt  per  week,  also  for 
use  in  the  company's  chemical  works  on  the  River  Tyne,  and  about  150 
tons  of  block  salt  for  domestic  use. 

There  is  no  natural  brine  in  the  Tees  salt  deposits,  the  whole  of  the 
brine  being  produced  by  letting  down  water  from  the  sandstones  above  to 
the  rock-salt  by  the  method  as  practised  at  Nancy  in  the  east  of  France. 
The  brine  wells  are  all  bored  by  the  American  system  of  drilling. 

In  drilling  by  the  American  method,  a  steel  tube — known  as  a  drive 
pipe — is  driven  from  the  surface  to  the  top  of  the  sandstone,  and  a  hole 
is  then  bored  to  the  bottom  of  the  salt.  This  system  of  drilling  consists 
of  two  very  simple  operations.  The  rock  is  drilled  by  means  of  an 
ingenious  bit  and  string  of  tools,  by  which  about  4  feet  at  a  time  is  drilled. 
The  string  of  tools  is  then  withdrawn,  and  the  sand-pump,  consisting 
of  a  cylinder  with  a  valve  at  the  bottom,  is  lowered  to  the  bottom  of  the 
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boring-  and  the  detritus  removed.  By  the  repeated  use  of  the  drilling 
tools  and  sand-pump  in  this  way  as  much  as  120  feet  of  8  inches  diameter 
hole  have  been  drilled  in  24  hours. 

When  the  bottom  of  the  salt  bed  is  reached  the  borehole  is  lined  from 
top  to  bottom  with  steel  tubing,  which  is  perforated  where  it  passes 
through  the  water-bearing  sandstones  and  where  it  passes  through  the 
salt.  The  well  is  then  fitted  with  pump  tube,  overhead  driving  gear, 
and  what  is  known  as  the  American  rig,  the  use  of  which  can  be  better 
described  on  the  spot. 

The  water  from  the  sandstone  passes  through  the  perforated  lining- 
tube  down  through  the  annular  space  to  the  rock-salt,  which  it  dissolves, 
and  in  this  way  the  whole  of  the  brine  on  the  River  Tees  is  produced, 
yielding  a  brine  containing  about  25  to  26  per  cent,  of  salt,  27  per  cent, 
being  saturation. 

The  brine  is  pumped  continuously  from  these  wells  to  reservoirs,  where 
any  suspended  marl  it  may  contain  is  separated,  after  which  it  is  pumped 
to  the  salt-pans,  where  it  is  evaporated  for  the  production  of  salt. 

The  common  salt-pans  are  constructed  of  steel  or  iron,  and  are  from 
70  to  80-feet  long  by  24-feet  broad  and  18-inches  deep.  The  evapora- 
tion of  the  brine  is  effected  by  bottom  heat,  four  fires  and  four  flues  being 
constructed  under  each  pan.  As  the  brine  is  evaporated  the  salt  falls  to 
the  bottom  of  the  pan,  and  when  drawn  is  left  for  two  days  on  the 
"hurdles,"  where  it  is  allowed  to  drain  and  then  forwarded  to  the 
company's  chemical  works  on  the  Tyne. 

At  Tennant's  works  block-salt  is  made  in  short  pans  about  40-feet 
long,  and  fine-grained  salt  is  produced  by  boiling.  The  salt  is  then  filled 
into  moulds,  dried  in  stoves  heated  by  the  waste  heat  from  the  pans, 
and  supplied  for  domestic  consumption  in  hard  blocks.  For  fine  table 
salt  these  Ijlocks  are  ground  and  passed  through  a  fine  sieve. 

The  foregoing  description  shows  that  in  the  two  salt  works  belonging 
to  the  United  Alkali  Co.  the  whole  of  the  brine  is  produced  by  the  French 
method,  while  the  wells  are  drilled  by  the  American  system,  and  that 
practically  the  whole  of  the  salt  produced  is  for  consumption  in  the 
company's  chemical  works  on  the  River  Tyne. 


The  following  notes  record  some  of  the  features  of  interest  seen  by 
visitors  to  works,  collieries,  etc.,  which  were,  by  kind  permission  of  the 
owners,  open  for  the  inspection  of  visitors  and  members  during  the 
course  of  the  meeting  ; — 
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THE  MUSEUM  OF  THE  NATURAL  HISTORY  SOCIETY. 

The  Museum  of  the  Natural  History  Society  of  Newcastle-upon-Tyne 
is  situated  at  the  Barras  Bridg-e.  The  objects  of  special  interest  are  the 
fossils  (plants  and  fishes)  from  the  Coal-measures  of  Northumberland 
and  Durham,  including  the  Hutton  Collection,  and  the  collection  of 
British  Birds  (prepared  by  the  late  Mr.  John  Hancock). 


ASHINGTON  COLLIERY  (BOTHAL  WEST  HARTLEY.) 

The  colliery  has  an  output  of  3,500  tons  of  coal  per  day  of  10  hours 
working. 

There  are  three  shafts  situated  together  near  Ashington  Station  which 
form  one  establishment,  with  a  daily  output  of  3,000  tons  of  coal.  The 
depth  of  the  shafts  to  the  Low  Main  Seam  is  540  feet. 

The  underground  haulage  is  on  the  endless-rope  system,  and  the  work- 
ings are  carried  to  the  dip  340  feet  below  shaft  level.  The  underground 
pumps  are  in  part  worked  by  compressed  air  and  in  part  by  endless-ropes, 
upwards  of  18  miles  of  ropes  being  in  daily  use  for  these  purposes. 

The  feeders  of  water  are  raised  to  the  surface  by  pumps  25-inches 
diameter,  delivering  1,100  gallons  per  minute.  A  supply  of  pure  water 
for  the  inhabitants  is  forced  to  the  surface  by  independent  machinery  in 
duplicate,  so  as  to  be  continuous  in  case  of  accident. 

Steam  is  supplied  by  twenty  boilers  fitted  with  automatic  stoking  bars. 

The  electric  light  is  used  in  several  of  the  departments. 

Vibrating  screens  and  travelling  belts  are  employed  in  preparing  the 
coal  and  separating  it  as  required  for  the  market.  A  Bell  and  Ramsay 
washer  is  also  in  use. 

The  coal  supply  to  the  workmen  and  others  and  the  scavenging  of  the 
colliery  village  are  worked  by  means  of  narrow-gauge  railways,  of  which 
there  are  upwards  of  5  miles. 

Bricks  are  being  made  from  fireclay  by  the  semi-dry  process. 


COWPEN  COLLIERY,  MILL  PIT. 

The  shaft,  14-feet  diameter,  is  sunk  to  Yard  and  Low  Main  Seams,  at 
depths  of  400  and  580  feet  respectively.  The  upper  80  feet  of  the  shaft 
is  tubbed,  as  the  ground  on  which  the  coUiery  is  situated  was  originally 
below  the  level  of  high-water  spring  tides.  It  is  fitted  with  steel  rail- 
guides,  and  two  double-decked  cages  are  in  use,  carrying  four  tubs  each. 
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The  winding  engine  lius  a  single  liorizontal  eylinder,  30 -inches 
diameter,  and  G-feet  stroke,  fitted  with  a  1-t-feet  drum.  The  14-feet  pulleys 
are  supported  on  frames  built  of  rolled  gu'ders.  The  weight  of  the  tub  is 
8  cwts.,  carrying  12^  cwts.  of  coal.  The  ropes  are  of  plough  steel,  and  5:^ 
inches  in  circumference. 

The  screening  plant  (owing  to  the  confined  nature  of  the  ground)  is 
situated  at  a  distance  of  220  feet  from  the  shaft,  the  banking-out  being 
performed,  and  the  tubs  elevated  and  conveyed  to  screens  by  an  endless- 
chain  creeper  or  hoist.  There  are  two  vibrating  screens  with  picking 
belts, .  70-feet  long  by  4-feet  wide.  There  are  also  two  revolving  nut 
screens  with  belt  elevatoi's. 

The  endless-chain  creeper,  220  feet  in  length,  and  rising  1  in  7  to  a 
height  of  24  feet,  is  driven  by  a  lO-inches  engine  at  the  top  end,  geared 
IG  to  1,  The  speed  of  the  chains  is  47  feet  per  minute,  240  tubs  being 
elevated  per  hour. 

There  are  two  Robinson  washers  of  250  and  lOC  tons  daily  capacity. 

The  underground  haulage  (driven  from  surface)  is  on  the  endless-rope 
system,  with  the  rope  under  the  tubs,  to  wliich  they  are  attached  by  clips. 

A  12-inches  air-compressing  engine  at  bank  furnishes  power  for 
driving  four  Evans  Cornish  pumps,  by  means  of  wrought-iron  pipes  with 
Eadie  joints.  The  main  pumping  engine  is  situated  at  the  A  Pit,  and 
has  a  72-inches  cylinder,  with  9-feet  stroke,  working  24-inches  sets  to  a 
depth  of  115  fathoms 

The  mine  is  ventilated  by  a  40-feet  Waddle  fan  placed  on  the  H  Pit, 
about  1^  miles  distant.  It  produces  90,000  cubic  feet  of  air  per  minute, 
under  a  water-gauge  of  1*80  inches,  at  45  revolutions  per  minute. 

There  is  an  endless-rope  and  small  electric  lighting  plant  on  the 
surface. 

The  liow  Main  Seam,  from  4  to  5  feet  thick,  at  a  depth  of  580  feet,  is 
worked  chiefly  under  the  sea,  on  both  the  bord-and-pillar  and  longwall 
systems.  The  Yard  Seam,  irom  2  feet  9  inches  to  8  feet,  is  worked 
entirely  on  the  longwall  system.  The  output  from  both  seams  is  about 
1,000  tons  per  day. 


NEWBOTTLE  COLLIERIES,  MARGARET  PIT. 

The  electric  mining  installation  consists  of  two  Willans  high-speed 
engines,  of  130  indicated  horse-power,  when  running  at  a  sjjeed  of  380 
revolutions  per  minute  with  steam  at  a  pressure  of  SO  pounds  jxrr  square 
inch.     Each   engine    has    two    cylinders,  each    17    inches    in    diameter, 
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with  a  stroke  of  8  inches.  These  engines  drive  two  power  dynamos,  each 
capable  of  producing  80  amperes  at  a  pressure  of  78u  \'olts,  when  running 
at  a  speed  of  .500  revolutions  per  minute.  These  dynamos  are  separately 
excited  by  a  small  dynamo,  which  is  also  used  for  electrical  lighting, 
producing  90  amperes  at  a  pressure  of  100  volts,  at  a  speed  of  1,200 
revolutions  per  minute.  A  fourth  dynamo  is  held  in  reserve.  The 
current  from  these  dynamos,  after  passing  through  the  switchboard,  is 
con\'eyed  by  the  mains  to  the  distributing-centre  at  a  depth  of  230  yards 
and  887  yards  from  the  bottom  of  the  shaft.  It  is  then  conveyed  a 
farther  distance  of  670  yards  to  the  pump,  1,300  yards  to  the  hauling- 
engine,  and  2,800  yards  to  the  winding-engine.  The  pump,  with  three 
6-inches  rams  of  8-inches  stroke,  is  capable  of  lifting  150  gallons  per 
minute  to  a  vertical  height  of  220  feet,  and  is  driven  by  a  24  horse-power 
Goolden  enclosed  motor.  The  hauling-engine  is  driven  by  a  40  horse-power 
Goolden  enclosed  motor  at  a  speed  of  GoO  revolutions  per  minute.  The 
haulage  is  on  the  endless-rope  system,  at  a  speed  of  4  mdes  per  hour.  The 
winding-engine  is  similar  to  the  hauling-engine,  with  the  exception  that 
the  5-feet  clip-puUey  is  replaced  by  a  4-feet  di'um. 

A  new  iron  heapstead,  with  jigging  screens  and  two  80-feet  cleaning 
belts,  is  in  course  of  erection. 

The  ventilation  produced  by  a  45-feet  Waddle  fan,  at  the  Success 
Pit,  is  150,0()0  cubic  feet  per  minute  at  3'30  inches  water-gauge  and 
54  revolutions  per  minute. 

The  Margaret  Pit  is  690-feet  deep  to  the  Hutton  Seam,  3-feet  thick, 
from  which  the  engine-plane  runs  south  for  500  yards,  where  two  dip 
faults,  one  of  60  and  the  other  of  210  feet,  are  met  with.  At  this  point 
a  drift,  dipping  4^  inches  to  the  yard,  is  driven  to  the  Hutton  Seam 
below  the  dyke  (the  electric  pump  being  situated  in  this  drift).  Another 
drift  cuts  the  Maudlin  Seam,  4-feet  6-inches  thick  (the  hauling  motor 
being  situated  in  this  seam).  Further  in-bye,  2,810  yards  from  the  shaft, 
a  staple  is  sunk  to  the  Huttoii  Seam,  from  which  it  is  intended  to  wind 
the  coal  by  the  electric  motor. 


ST.  HILDA  COLLIERY. 

The  winding  engine  has  two  cylinders,  each  36-inches  diameter  and 
6-feet  stroke,  with  horizontal  drum,  19-feet  diameter.  The  automatic 
expansion  gear  in  use  was  made  by  the  Grange  Iron  Co.  Round  steel 
ropes  are  used  to  draw  the  two-decked  cages,  but  aiTangements  are  made 
for  the  use  of  4-decked  cages  with  8  tubs.  Safety  links  for  the  preven- 
tion of  overwinding  are  used. 
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The  heapstead  is  "double,"  and  gravitation  roads  are  used  for  the 
working  of  the  tubs. 

The  pumping  engine  has  a  single  vertical  cylinder  65-inches  diameter 
and  96-inches  stroke.  The  pumps  are  1 2-inches  diameter ;  working  lifting 
sets. 

One  hauling  engine  is  placed  underground  and  supplied  with  steam 
from  boilers  on  the  surface.  It  has  a  pair  of  horizontal  cylinders,  each  22- 
inches  diameter  and  36-inches  stroke,  working  an  engine  plane  2^-niiles 
long  on  the  main-and-tail-rope  system,  with  100  tubs  in  each  set. 

There  is  a  hauling  engine  on  the  surface,  with  a  pair  of  34-inches 
cylinders  and  30-inches  stroke.  It  is  fitted  with  two  drums  for  hauling 
from  dip  in  Hutton  Seam. 

Steel  belts  are  in  use  for  screening  both  best  and  nut  coals. 

The  mine  is  ventilated  by  a  Guibal  fan,  50-feet  diameter,  one  of  the 
largest  in  the  world. 

The  mine  is  worked  on  the  bord-and-pillar  system. 

In  the  patent  fuel  works,  the  whole  of  the  plant  is  on  the  Yeadon 
system.     There  are  also  machines  for  cutting  and  bundling  firewood. 


LUMPSEY  IRONSTONE  MINE. 

The  winding-engine  has  two  cylinders  42  inches  in  diameter  and  G-feet 
stroke,  fitted  with  conical  drums  varying  from  17  feet  to  21  feet  in 
diameter. 

There  is  an  hydraulic  pump,  and  petroleum  and  hydraulic  drilling 
machines  are  used  in  the  mining  of  the  ironstone. 

The  mine  is  ventilated  by  a  fan  14  feet  in  diameter  and  10-feet  wide, 
producing  90,000  cubic  feet  per  minute,  at  "62  inch  water-gauge,  and 
a  speed  of  90  revolutions  per  minute. 


MESSRS.  BLACK,  HAWTHORN,  &  CO.'S  ENGINE  WORKS. 

This  firm  are  manufacturers  of  all  classes  of  marine  and  locomotive 
engfines. 


MESSRS.  BOLCKOW,  VAUGHAN,  &  CO.'S  ESTON  STEEL 

WORKS. 

The  blast  furnaces,  the  hasmatite,  and  part  of  the  basic  pits,  and  the 
rail  and  sleeper  mill  were  seen  in  operation. 
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NORTH  EASTERN  RAILWAY  COMPANY'S  LOCOMOTIVE 
SHOPS,  GATESHEAD. 

The  visitors  had  the  opportunity  of  seeing  locomotives  under  construc- 
tion and  repair,  and  the  machinery  used  for  manipulating  the  parts. 
Boiler  construction  was  shown  in  all  its  branches,  including  the  flanging 
and  stamping  of  plates  by  hydraulic  pressure  ;  forging,  and  smiths'  work, 
and  the  running  or  steam  shed.  Specimens  of  the  company's  latest  types 
of  express,  passenger,  and  goods  engines,  etc.,  were  also  shown. 


PALMERS'  SHIPBUILDING  AND  IRON  WORKS. 

These  works  cover  an  area  of  nearly  100  acres,  and  have  a  river 
frontage  of  4,000  feet,  with  fifteen  shipbuilding  shpways.  The  accommo- 
dation for  repairing  vessels  is  a  graving  dock,  440  feet  by  70  feet,  and  a 
slipway  6()0-feet  long,  worked  by  hydraulic  lifting  gear. 

The  firm's  operations  include  the  wide  range  from  the  mining  of  the 
iron,stone  to  the  equipment  of  iron  vessels  of  all  sizes.  About  1,000  tons 
of  iron  ore  are  brouglit  l)y  sea  daily  from  the  company's  mines  in  Cleve- 
land. Coal  and  coke  are  brought  into  the  works. by  the  Pontop  and 
Jarrow  Railway. 

There  are  five  blast  furnaces,  four  85-feet  high  and  one  75-feet  high, 
and  from  20  to  24  feet  in  diamet^er  at  the  boshes,  and  from  8^  to  10  feet 
at  the  hearth.  The  annual  production  of  pig  iron  is  about  1 50,000  toijs, 
and'of  finished  iron  and  steel  about  .5,5,000  tons.  The  blast  is  heated  to 
alx)ut  1,500  degs.  Fahr.,  in  eight  Whitwell  and  four  Co wper  fire-brick 
stoves.     There  are  eighteen  kilns  for  calcining  the  Cleveland  ironstone. 

The  eighty  puddling  furnaces  produce  1 ,000  tons  of  puddled  bars  per 
week.  The  two  forge  engines  with  3 6 -inches  cylinders,  one  with  4-feet 
and  the  other  with  5-feet  stroke,  each  drive  a  roll  train  and  4  pairs  of 
22-inches  rolls.  The  two  plate  mills  and  ten  mill  furnaces  have  a 
weekly  output  of  about  1,200  tons  of  ship  and  boiler  ]ilates.  Each  plate 
mill  has  two  pairs  of  24-inches  rolls,  reversed  by  clutches  and  crabs. 
The  bar  mill  has  two  pairs  of  rolls,  is  driven  by  one  24-inches  cylinder 
engine,  and  produces  1,20  tons  per  week.  The  fourth  mill  with  four  pairs 
of  rolls,  driven  by  an  engine  with  two  30-inches  cylindei-s  with  4-feet 
stroke,  produces  300  tons  of  plates  per  week.  The  fifth,  an  angle  and  bar 
mill,  driven  by  an  engine  with  one  36-inches  cylinder  and  4-feet  stroke, 
is  capable  of  rolling  the  largest  angles  used  in  the  trade.  The  angle  mill 
is  one  of  the  largest  known,  and  can  turn  out  80o  tons  j^jer  shift.     It 
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produces  every  known  section  of  angle-bars,  T-bars,  and  all  descriptions 
of  beams  for  vessels  and  buildings  of  all  kinds.  The  sheet  mill  is 
situated  in  the  forge. 

The  shears,  circular  saws,  punching,  and  straightening  presses,  etc.,  used 
in  the  construction  of  iron  and  steel  ships  are  attached  to  the  rolling  mills. 

In  the  engine  department  thirty  to  forty  pairs  of  marine  engines, 
with  their  boilers,  can  be  finished  per  annum.  This  department  produces 
its  own  iron  and  brass  castings  and  forgiugs.  Vertical  rolls  for  rolhng 
long  boiler  plates  are  in  use  in  the  boiler  shops. 

The  shipbuilding  department  is  capable  of  building  70,000  tons  of 
shipping  per  annum.  The  British  Navy  has  drawn  thirty-eight  vessels 
from  this  establishment.  The  first  rolled  armour  plates  were  used  in  the 
construction  of  the  "Terror"  built  in  1855  at  this  yard.  The  last  ship 
launched  for  the  Government  was  the  "  Resolution,"  380-feet  long,  75- 
feet  wide,  and  mean  draught  27|  feet,  with  a  displacement  of  14,150 
tons.  The  engines  indicated  13,000  horse-power  with  forced  draught, 
and  9,000  horse-power  with  natural  draught,  and  the  vessel  attained  the 
high  speed  of  17^  miles  per  hour  with  forced  draught. 

Among  the  merchant  vessels  built  by  the  firm  is  the  "  Europe," 
•135-feet  long,  46-feet  wide,  and  33-feet  deep,  with  a  displacement  of 
11,270  tons,  whose  engines  indicated  3,300  horse-power.  This  vessel  was 
built  for  the  National  Steam  Navigation  Co. 

The  first  iron  steamer,  the  "  John  Bowes,"  was  built  by  Sir  Charles 
Mark  Palmer,  the  founder  of  the  firm  in  1851.  It  has  a  carrying 
capacity  of  650  tons  at  an  average  speed  of  9  miles  per  hour,  and  is  still 
in  the  service  for  which  it  was  built,  as  a  screw  collier,  running  between 
the  Tyne  and  the  Thames. 

In  the  steel  works  there  are  eight  open  hearth  gas-furnaces,  each 
holding  from  18  to  40  tons  of  steel.  The  shears  can  operate  upon 
blooms  or  slabs  30-iuches  wide  and  10-inches  thick,  and  are  fitted  with 
hydraulic  apparatus  foi'  regulating  the  exact  length  of  metal  to  be  cut. 
The  cogging  mill  can  reduce  ingots  up  to  5  tons  in  weight.  The  engines 
in  this  department  are  capable  of  indicating  10,000  horse-power. 


MESSRS.    ERNEST    SCOTT    &    MOUNTAIN'S    ENGINEERING 

WORKS. 

Dynamos  were  seen  in  course  of  construction  from  1  to  40  units'  out- 
put, i^.,  capable  of  running  from  10  to  600  IG-candlc-power  incandescent 
lamps.  A  large  dynamo  is  used  for  welding  steel  and  iron  on  the 
Bernardos  system. 
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In  the  machine  shop  were  seen  a  larcre  variety  of  auxiliary  machiueiw 
for  war  ships,  such  as  feed,  fire,  and  bilge  pumps,  air  and  circulating 
pumps,  forced-draught  fans,  etc. 

The  electric  pumps  for  the  North  Seaton  Colliery  were  seen  pumping 
water.  They  consist  of  a  set  of  three-throw  pumps  9 -inches  diameter  by 
15 -inches  stroke,  driven  through  worm-gearing  by  the  motor.  The 
dynamo  which  is  to  supply  the  current  for  this  pump  when  at  work  was 
also  shown.  These  pumps  are  intended  to  work  at  a  distance  of  2,700 
yards  from  the  shaft. 

TYNE  COMMISSIONERS'  WORKS. 

The  most  important  work  of  the  Tyne  Improvement  Commissioners 
is  the  Tyne  piers,  the  plan  of  which  was  designed  by  the  late  Mr.  Walker. 
Their  construction  commenced  in  1856,  under  the  superintendence  of 
Mr.  P.  J.  Messent.  The  piers  are  intended  to  protect  vessels  from  the 
frequent  and  destructive  easterly  gales,  and  to  facilitate  the  removal  and 
prevent  the  re-formation  of  the  bar  at  the  entrance  to  the  harbour. 
These  works,  among  the  most  difficult  of  the  kind  in  progress  or  executed 
in  any  part  of  the  world,  on  account  of  the  violence  of  the  seas  to  which 
they  are  opposed,  are  now  completed  above  high  water,  and  only  require 
protective  copings  (now  in  course  of  construction)  around  the  heads, 
formed  of  heavy  (about  36  tons)  foreshore  blocks,  placed  by  divers  at  a 
level  of  between  20  and  80  feet  below  low  water.  Each  pier  is  fonued 
of  a  base  of  rubble  stone,  deposited  from  barges,  and  a  superstructure  of 
concrete  and  masonry,  the  lower  and  larger  portion  of  which  was  fixed  by 
divers,  commencing  at  a  depth  of  30  feet  below  low  water.  The  length  of 
the  north  pier  is  3,053  feet,  and  that  of  the  south  pier  5,310  feet.  About 
3,000,000  tons  of  stone,  exclusive  of  lime  and  cement,  have  been  used  in 
these  works.  The  mammoth  cranes,  designed  by  Mr.  P.  J.  Messent,  for 
extending  the  masonry  superstructure  of  the  piers  without  staging,  are 
capable  of  setting  blocks  of  weights  of  upwards  of  40  tons,  at  a  distance 
of  92  feet  from  the  central  pivot. 

Since  the  year  1861  the  bar  at  the  mouth  of  the  river  has  been 
removed  to  a  depth  of  20  feet,  which  depth  is  maintained  beyond  the 
inner  bar  for  a  considerable  width  in  Shields  Harbour,  The  Narrows 
have  been  widened  from  400  feet  to  670  feet.  The  dangerous  shoals 
have  been  removed  from  Shields  Harbour,  and  a  depth  of  at  least  30 
feet  at  low  water  has  been  formed  for  a  length  of  about  H  miles.  The 
tortuous  course  of  the  channel  has  been  straightened,  and  vessels  can 
leave  the  river  at  or  within  a  short  time  of  low  water. 
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There  is  now  a  depth  of  at  least  20  feet  between  the  harbour  and 
Newcastle,  where  vessels  used  to  ground  for  hours  at  low  water.  Two 
dredgers  are  still  at  work  continuing  a  depth  of  18  feet  at  low  water 
above  Newcastle. 

These  improvements  have  been  chiefly  effected  by  dredging.  The 
plant  consists  of  6  dredgers,  10  stciim  hopper  barges,  44  wooden  hopper 
barges,  8  steam  tugs,  and  numerous  keels,  boats,  etc.  Over  90,000,000 
tons  of  materials  have  been  dredged  from  the  river,  and  deposited  in 
the  sea  two  or  three  miles  from  the  entrance  to  the  river. 

At  Newcastle,  the  Old  Bridge  of  stone,  an  obstruction  to  navigation 
and  the  flow  of  the  tide,  has  been  removed,  and  a  Swing  Bridge  constructed. 
This  bridge  contains  four  openings  for  river  traffic,  corresponding  with 
those  of  the  High  Level  Bridge.  The  two  central  oiDenings,  each  of  104 
feet,  are  spanned  by  a  girder,  made  to  swing  round  and  allow  masted 
vessels  to  pass.  The  north  and  south  side  oi)enings  are  92|  and  64^  feet 
respectively,  and  available  for  the  passage  of  vessels  with  folding  masts 
and  funnels.  The  piers  and  abutments  of  the  bridge  are  made  of  stone 
and  concrete,  sunk  down  to  the  rock  at  a  depth  of  45  feet  beloAV  low  water. 
The  girder  of  the  swing  bridge  is  280  feet  long  and  weighs  1,450  tons, 
and  will  safely  allow  the  passage  of  a  load  of  60  tons  on  a  four-wheeled 
vehicle. 

Friars'  Goose  Point  and  Bill  Quay  Point  are  in  course  of  removal,  by 
which  the  width  of  the  river  will  be  materially  increased.  Bill  Point, 
projecting  400  feet,  and  involving  the  excavation  of  2,000,000  tons  of  rock 
and  clay,  has  been  removed.  The  removal  of  Whitehill  Point,  when 
completed,  will  widen  the  river  there  to  the  extent  of  800  feet. 

There  are  three  enclosed  docks  on  the  River  Tyne.  The  Northumber- 
land or  Howdon  Dock  has  a  water  area  of  58  acres  and  24  feet  of  water 
on  the  sill  at  high  tide.  It  is  chiefly  used  for  shipping  coal,  and  is  the 
property  of  the  Tyne  Improvement  Commission. 

The  Tyne  Dock,  belonging  to  the  North  Eastern  Railway  Company, 
also  has  a  water  area  of  58  acres,  and  is  chiefly  used  for  shipping  coal,  of 
which  about  27,000  tons  are  loaded  daily ;  the  depth  on  the  sill  is  24|  feet 
at  high  water. 

The  Albert  Edward  or  Coble  Dene  Dock  (for  imports  and  exports) 
was  constructed  by  the  Tyne  Improvement  Commissioners  from  the 
joint  design  of  the  late  Mr.  J.  F.  Ure  and  of  Mr.  P.  J.  Messent ;  it  has  a 
water  area  of  27  acres,  and  is  surrounded  by  2,600  feet  of  deep  water 
quays.  Provision  is  made  for  its  ultimate  extension  and  junction  with 
the  ]Sorthumberland  Dock,  and  there  is  a  river  wall,  900  feet  long,  in 
front  of  the  dock.     There  is  30  feet  of  depth  at  high  water  spring  tides 
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on  the  entrance  and  upper  lock  sills,  and  36  feet  on  the  lower  or  outer 
sill  of  the  lock.  The  average  rise  of  spring  tides  being  15  feet,  the 
depths  at  neap  tides  are  4  feet  lower  at  high  water,  and  4  feet  higher  at 
low  water.  On  the  west  quay  of  the  Albert  Edward  Dock  is  a  large 
warehouse  for  grain  and  general  merchandise,  200  feet  long  by  100  feet 
broad,  containing  six  floors,  each  fitted  with  hydraulic  machinery  and  all 
necessary  appliances.  Inside  the  dock  there  is  a  large  coal-shipping 
staith.  The  Norwegian  royal  mail  and  passenger  steamers  sail  every 
week-day  between  this  dock  and  Norway. 

Between  the  Northumberland  and  Albert  Edward  Docks  is  a  riverside 
wharf  1,100  feet  long  and  144  feet  wide,  with  quays  and  standage  ground 
and  two  wareliouses.  Above  the  wharf  are  two  coal-shipping  staiths  whi(;h 
project  97  feet  into  the  river.  The  staithes  are  self-acting ;  the  loaded 
wagons  descend  by  gravity  to  the  spouts,  and  the  empty  wagons  run  off 
the  staith  to  a  lower  level.  Each  staith  has  three  spouts,  by  which  coal 
can  be  simultaneously  loaded  into  the  three  hatchways  of  a  large  ship  at 
the  rate  of  800  to  1,000  tons  per  hour. 

During  the  year  1891,  11,086,823  tons  of  coal  and  coke  were  shipped 
from  the  Tyne,  and  the  volume  of  general  trade,  coastwise  and  foreign, 
was  — 

Tons. 

Exports  (exclusive  of  coal  and  coke)      . . .  669,839 

Imports  ...  ...  ...         ...  ...         I,6()6,iy5 

Total      2,:«6,034 
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The  concrete  plant  mixing-house  contains  all  the  appliances  for 
mixing  concrete ;  and  in  the  block-yard  granite-faced  concrete  blocks  are 
constructed  weighing  48  tons,  and  lifted  and  loaded  on  to  the  bogies. 
One  of  the  4.3-tons  concrete  blocks  was  laid  at  the  sea-end  of  Roker  pier 
by  means  of  the  60-tons  radial  hydraulic  crane. 

The  concrete -bag  system  is  used  for  the  extension  of  the  Roker  pier 
in  deep  wnter;  and  after  the  concrete  "bag-barge"  was  loaded,  an  100- 
ton  concrete  bag  was  deposited  at  the  end  of  Roker  pier. 

Hydraulic  machinery  is  employed  at  the  No.  3  gateway  of  the  Hudson 
Dock  North  for  02)ening  and  closing  the  dock  gates  and  swing  bridge. 
On  the  east  side  of  the  dock  to  the  sea-lock,  hydraulic  machinery  is  in 
use  for  general  dock  purposes.  The  motive  power  is  obtained  from  an 
accumulator  supplied  by  means  of  pressure  pumps  driven  by  gas  engines. 

The  model-room  contains  large  models  of  the  harbour  and  docks,  and 
of  coal  shipping  appliances,  etc. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENEEAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upox-Tyne, 
August  0th,  1892. 


Me.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  minates  of  the  last  general  meeting  were  read  and  confirmed. 


The  Secretary,  in  reporting  the  proceedings  of  the  Council,  said 
they  were  endeavouring  to  make  a  mutual  arrangement  with  the  Literary 
and  Philosophical  Society,  by  which  the  members  of  each  society  might 
have  the  privilege  of  consulting  the  books  and  papers  in  both  libraries. 


He  also  said  that  a  call  of  80  per  cent,  would  be  made  upon  the 
guarantors  to  pay  the  expenses  of  entertaining  the  members  of  the  Societe 
des  Ingenieurs  sortis  de  I'Ecole  Provinciale  d'Industrie  et  des  Mines  du 
Hainaut. 


The  Secretary  also  reported  the  proceedings  of  the  Council  of 
the  i'ederutcd  Institution  of  Mining  Engineers. 


ELECTION  OF  OFFICERS. 

The  Chairjian  appointed  Messrs.  T.  0.  Robson,  H.  Palmer,  J.  W. 
Fryar,  and  W.  E.  Nicholson  scrutineers  of  the  balloting  papers  for  the 
election  of  officers  for  the  ensuing  year. 

These  gentlemen  afterwards  reported  the  result  of  the  ballot  as 
follows : — 

T 
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President. 

J.  B.  SiMPSOX,  Esq.,  Hedgcfield  House,  Blajdon-upon-Tjme. 

Vice-Presidents. 

W.  Armstrong,  Esq.,  Pelaw  House,  Chester-le-Street. 

T.  W.  Benson,  Esq.,  11,  Newgate  Street,  Newcastle-upou-Tyne. 

C.  Beekley,  Esq.,  Maiiey  Hill,  Wliicklaam,  R.S.O.,  Co.  Durham. 

T.  Douglas,  Esq.,  The  Garth,  Darlington. 

W.  F.  Hall,  Esq.,  Haswell  Colliery,  Haswell,  via  Sunderland. 

A.  L.  Steavenson,  Esq.,  Durham. 

Council. 

W.  Armstrong,  Jun.,  Esq.,  Wingate,  Co.  Durham. 

T.  FORSTER  Brown,  Esq.,  Guildhall  Chambers,  Cardiff. 

T.  E.  Forster,  Esq.,  North  Jesmond,  Newcastle-upon-Tyne. 

J.  L.  Hedley,  Esq.,  22,  Hawthorn  Terrace,  Newcastle-upon-Tyne. 

T.  Heppell,  Esq.,  Leafield  House,  Chester-le-Street. 

H.  Lawrence,  Esq.,  Grange  Iron  Works,  Durham. 

Prof.  J.  H.  Merivale,  2,  Victoria  Villas,  Newcastle-upon-Tyne. 

H.  Palmer,  Esq.,  East  Howie  Colliery,  near  Ferryhill. 

M.  W.  Parrington,  Esq.,  Wearmouth  Colliery,  Sunderland. 

A.  M.  Potter,  Esq.,  Riding  Mill-upon-Tyne. 

H.  Richardson,  Esq.,  Backworth  Colliery,  Newcastle-upon-Tyne. 

R.  Robinson,  Esq.,  HowUsh  Hall,  near  Bishop  Auckland. 

T.  0.  RoBSON,  Esq.,  Chowdene  Cottage.  Low  Fell. 

T.  H.  M.  Stratton,  Esq.,  Cramlington  House,  Northumberland. 

S.  Tate,  Esq.,  Trimdon  Grange  Colliery,  Co.  Durham. 

J.  G.  Weeks,  Esq.,  Bedlington,  R.S.O.,  Northumberland. 

W.  H.  Wood.  Esq..  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham. 

W.  0.  Wood,  Esq.,  South  Hetton,  Sunderland. 

Sir  George  Elliot,  Bart.,  1,  Park  Street,  Park  Lane,  London,  W. 

Lord  Armstrong,  C.B.,  Cragside,  Rothbuiy. 

Lindsay^  Wood,  Esq.,  The  Hermitage,  Chester-le-Street. 

G.  C.  Greenwell,  Esq.,  Elm  Tree  Lodge,  Duffield,  Derby. 
?gj  '  G.  B.  Forster,  Esq.,  North  Jesmond,  Newcastle-upon-Tyne. 
*^  "^  John  Daglish,  Esq.,  Rothley  Lake,  Cambo,  R.S.O.,  Northumberland. 


Sir  LowTHiAN  Bell,  Bart.,  Rounton  Grange,  Northallerton. 
Wm.  Cochrane,  Esq.,  Grainger  Street  West,  Newcastle-upou-Tyne. 
W.  LiSHMAN,  Esq.,  Bunker  Hill,  Fence  Houses.  "»        Retirinq 

\vicc-I        ' 


>l 


G.  May,  Esq.,  Harton  Colliery,  South  Shields.      J  Vicc-PresidenU. 

The  President  acknowledged  the  honour  which  the  members  had 
confeiTed  upon  hhn  in  re-electing  him  their  President.  He  considered 
the  honour  great  in  the  first  instance,  but  it  was  much  greater  in  the 
second.  He  could  only  assure  them  that  he  would  do  all  he  could  to 
promote  the  interests  of  the  Institute. 

Mr.  T.  0.  RoBSON  in  congratulating  the  President  on  occupying  the 
chair  for  a  second  year,  felt  great  pleasure  in  proposing  a  vote  of 
thanks  to  him  for  his  services  during  the  past  year.  During  that  year 
the  membership  had  increased,  and  the  quality  and  volume  of  the  papers 
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coiuuiuiiicafced  excceJod  those  of  any  previous  year,  and  Mr.  Simpson 
must  be  extremely  gratified  at  the  results  of  his  labours  in  the  presi- 
dential chair.  He  would  say  no  more,  but  propose  a  vote  of  thanks  to 
their  President  for  his  conduct  in  the  chair,  and  they  all  hoped  that  the 
coming  year  would  be  as  successful  as  the  past. 

Mr.  Hy.  Paljier  seconded  the  vote  of  thanks,  which  was  heartily 
adopted. 

Mr.  Simpson  was  grateful  to  the  members  for  their  vote  of  thanks  ; 
he  could  only  repeat  what  he  had  already  said,  namely,  that  he  would  use 
liis  best  endeavours  to  promote  the  interests  of  the  Institute.  The  past 
year  had  been  successful,  and  he  felt  glad  that  this  had  been  so  during 
his  term  of  office,  but  he  must  not  take  all  the  credit.  It  happened  that 
they  had  had  a  larger  number  of  papers  in  which  the  members  had  taken 
great  interest.  He  hoped  the  same  interest  would  be  continued,  and  that 
the  Institute  would  be  made  more  useful  than  ever. 


Mr.  Hy.  White  proposed  a  vote  of  thanks  to  the  Vice-Presidents  and 
Members  of  Council.  He  had  not  had  the  pleasure  of  serving  on  the 
Council,  but  he  fully  appreciated — and  they  would  all  appreciate — the 
labours  of  the  Council  as  a  body  in  a  task  which  required  much  care  and 
labour. 

Mr.  RoBT.  Thompson  seconded  the  proposal,  which  was  cordially 
adopted. 

Mr.  Hy.  Palmer,  replying  on  behalf  of  the  Vice-Presidents  and 
Council,  said  they  had  always  endeavoured  to  do  their  duty,  and  after 
this  vote  of  thanks  for  their  services  they  would  no  doubt  be  instigated 
to  further  efforts. 


Mr.  R.  Thompson  moved  that  the  thanks  of  the  members  be  accorded 
to  the  Scrutineers. 

The  President  supported  the  resolution,  which  was  cordially 
approved. 

Mr.  T.  0.  RoBSON  replied  on  behalf  of  the  Scrutineers,  and  expressed 
their  thanks  for  the  kind  resolution. 


The  Secretary  read  the  annual  report  of  the  Council  arid  Finance 
Committee  as  follows  : — 
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AXXUAL  REPORT  OF  THE  COUNCIL. 

The  following  table  exhibits  the  uumbei's  of  members  during  recent 
years : — 


August  1st. 

1889. 

1890. 

1891. 

1892 

Honorary  Members 

26 

25 

24 

24 

Members  ... 

o69 

55G 

585 

544 

Associate  Members 

28 

27 

29 

35 

Associates 

3 

25 

28 

34 

Students    

43 

35 

30 

35 

Subscribing  Collieries    ... 

18 

18 

18 

18 

Totals 687  686  670  690 

The  library  of  the  Institute  has  been  maintained  in  an  efficient  state. 

'Mr.  John  Allan,  who  was  awarded  a  prize  for  his  interesting  paper  on 
"  The  Pyrites  Deposits  of  the  Province  of  Huelva,"  elected  to  return  the 
value  into  the  Library  Fund,  and  Davis's  Practkal  Treatise  on  Brkk- 
mah'nfj,  Robinson's  Gas  and  Petroleum  Engine,  Andi-e's  Rode  Blasting, 
and  Brough's  Mine  Surveying,  were  purchased  with  the  money  so  given. 

The  additions  to  the  library  by  donations,  exchanges,  and  purchase, 
have  been : — 

Bound  volumes        239 

Pamphlets,  Keports,  etc 213 

A  total  of      452  titles. 

And  there  are  now  at  least  6,135  volumes  and  980  unbound  pamphlets  in 
the  library. 

There  has  been  some  trouble  in  procuring  the  return  of  books,  etc., 
loaned  to  members,  and  some  of  the  files  seem  to  be  permanently  injured 
by  the  neglect  of  memljers  to  return  numbers  borrowed ;  but  it  is  hoped 
that  the  members  will  supply  the  missing  volmnes,  etc.,  to  the  library. 
In  view  of  this  growing  danger,  the  Council  have  decided  that  the 
unbound  transactions  of  societies  and  journals  shall  not  be  allowed  to 
circulate. 

The  library  of  the  Institute  is  now  very  valuable,  containing  many 
books,  pamphlets,  and  maps  which  it  would  be  difficult  to  replace.  It 
has  been  largely  formed  by  gifts  from  its  members  and  exchanges  with 
other  societies,  and  the  Council  suggest  that  the  members  can  increase  its 
value  by  presentations  of  works,  etc.,  which  the}-  can  spare  from  their 
own  libraries. 
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The  members  could  also  do  a  cousiderable  service  to  the  profession 
by  leuviiig  their  books,  reports,  plans,  etc.,  to  the  library  of  the  Insti- 
tute, where  they  would  be  preserved,  be  available  for  reference,  and  keep 
the  memory  of  the  donor  in  lasting  remembrance. 

The  report  of  the  Committee  on  mechanical  ventilators  has  not  been 
completed;  the  results  of  the  experiments  are  being  reduced  for  the 
purposes  of  the  report,  which  it  is  desired  to  issue  during  the  current 
year. 

The  Committee  on  flameless  explosives  have  completed  the  erection 
of  their  appliances,  and  regret  that  unavoidable  circumstances  prevented 
their  experiments  being  commenced  in  February  last.  They,  however, 
expect  to  begin  their  experiments  forthwith. 

The  fifth  volume  of  the  Borings  and  Sinkings  is  approaching  com- 
pletion, and  the  Council  trust  that  the  concluding  volumes  will  be  issued 
shortly. 

The  Institute  has  again  been  placed  on  the  list  of  corresponding 
societies  of  the  British  Association,  and  Prof.  J.  H.  Merivale  has  been 
appointed  to  act  as  the  delegate  at  the  ensuing  meeting  at  Edinburgh. 

The  papers  communicated  to  the  members  have  been : — 

"  Note  on  the  Gases  Enclosed  in  Coal  and  Coal-dust."     By  Dr.  P.  Phillips 

Bedson  and  Mr.  "W.  McConnell. 
"The  Practical  Transmission  of  Power  by  Means  of  Electricity,  and  its 

Application  to  Mining  Operations."     By  Mr.  D.  Selby  Bigge. 
"  On  Lightning  in  New  Zealand  Mines."     By  Mr.  G.  J.  Binns. 
"  The  Konig  Differential  Water-gauge."     By  Mr.  M.  Walton  Brown. 
"  The  Lee  Alarm  Water-gauge."     By  Mr.  M.  Walton  Brown. 
"  The  Bateau  Ventilator."     By  Mr.  M.  Walton  Brown. 
"  The  Roberts  Shot-hring  Lamp."     By  Mr.  M.  Walton  Brown. 
"  Memoir  of  Theophilus  Wood  Bunning."     By  Mr.  C.  Z.  Bunning. 
'•  A  Safety  Appliance  for  Preventing  Risk  of  Explosions  in  Mines,  conse- 
quent on  Injury  to  Cables  Conveying  Electric  Currents."     By  Mr.  R. 

J.  Charleton. 
"Experiments  with  Explosives."     By  Mr.  L.  W.  Chicken. 
"  On  a  Duplex  Arrangement  of  Centrifugal  Ventilating  Machines."     By 

Mr.  W.  Cochrane. 
"  Notes  upon  the  Mines  in  the  Argentine  Republic,  South  America."     By 

Mr.  H.  D.  Hoskold. 
''■  The  Iron  Ores  of  Spain."     By  Mr.  J.  D.  Kendall. 
"  The  Witwatersrand  Gold-field."     By  Mr.  John  M.  Liddell. 
"  Memoir  of  John  Marley."     By  Mr.  J.  W.  Marley. 
"  Geology  of  the  Coal-field  of  Northumberland  and  Durham."     By  Mr.  C. 

J.  Murton. 
"  The  Detonation  of  High  Explosives  by  Percussion."     By  Mr.  W.  J.  Orsman. 
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"  Notes  on   the  Products   and  Temperature   of   Detonation  of  some   High 

Explosives."     By  Mr.  W.  J.  Orsman. 
"  Notes  on  an  Electric  Transmission  Plant  at  East  Howie  Colliery."     By 

Mr.  Henry  Palmer. 
"  The  Haematite  Ores  of  Cumberland."     By  Mr.  J.  Leslie  Shaw. 
"An  Enquiry  into  the  Cause  of  the  Two  Seaham  Explosions,  1871  and  1880, 

and  the  Pochin  Explosion,  1884."     By  Mr.  T.  H.  M.  Stratton. 
«  The  Tees  Salt  Industry."     By  Mr.  T.  W.  Stuart. 
"  Description  of  a  Method  of  Removing  Deposits  from  the  Inside  of  Rising 

Main  Pipes  in  Shafts."     By  Mr.  R.  T.  Swallow. 

The  members  of  the  Institute  have  had  the  pleasure  of  eutertaining 
the  members  of  the  Societe  des  Ingenieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  du  Hainaut.  The  satisfaction  expressed  by  the 
visitors  and  members  proves  that  the  Excursion  !^Ieetings  of  June  30th, 
July  1st  and  2nd,  have  been  an  unqualified  success.  The  best  thanks  of 
the  Institute  are  due  to  the  Committee  who  made  the  arrangements,  and 
to  the  gentlemen  who  contributed  so  liberally  towards  the  expenses  incurred 
in  receiving  the  visitors.  The  Council  also  direct  the  attention  of  the 
members  to  the  great  couroesy  shown  by  the  President,  the  Mayor  and 
Sheriff  of  Xewcastle-upon-Tyne,  the  Belgian  Consul,  the  Professors  of 
the  Durham  College  of  Science,  the  Xatm-al  History  Society,  the  Tyne 
Improvement  Commission,  the  River  Wear  Commission,  the  Xorth-Eastern 
Railway  Company,  the  Earl  of  Durham,  the  Ashington  Coal  Co.,  Messrs. 
Bell  Brothers,  Ld.,  Messrs.  Black,  Hawthorn,  &  Co.,  Messrs.  Bolckow, 
Yaughan,  t^-  Co.,  Ld.,  the  Co\v[)en  Coal  Co.,  Ld.,  Messrs.  Haggle  Brothers, 
the  Harton  Coal  Co.,  Ld.,  Palmer's  Shipbuilding  &  Iron  Co.,  Ld.,  Messrs. 
Ernest  Scott  &  Mountain,  Ld.,  and  the  United  Alkali  Colnpany,  Ld.,  and 
have  great  pleasure  in  recording  the  thanks  of  the  Institute  to  all  who 
by  their  assistance  and  service  contributed  so  largely  to  the  success  of  the 
meetings. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed  its 
third  year,  during  which  it  has  held  general  meetings  at  Birmingham,  on 
September  22nd,  23rd,  and  24th,  1891  ;  Manchester,  on  February  16th, 
17th,  and  18th,  1892;  and  London,  on  June  2nd,  3rd,  and  4th,  1892. 
These  meetings  have  been  well  attended,  and  the  character  of  the  papers 
communicated  show  that  the  desh-es  of  the  founders  have  been  fulfilled. 
During  the  year  the  Xorth  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers  has  joined  the  Federation,  and  it  is  hoped  that  the 
remaining  institutes  will  become  federated  at  early  dates. 

While  congratulating  the  members  upon  the  improving  position  of  the 
Institute,  the  Council  would  especially  ask  them,  at  all  times,  to  promote 
its  claims  and  advantages. 
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FINANCE  REPORT. 

The  ordinary  iucome  for  the  year  1891-2  amounted  to  £1,727  15s. 
lOd.,  or  an  increase  of  £137  6s.  lOd.  over  the  ordinary  income  of  the 
preceding  year;  and,  with  the  sum  of  £500  received  from  investments 
realized,  the  total  income  for  the  year  was  £2,227  15s.  lOd. 

The  total Teceipts  from  subscriptions  and  an*ears  (excluding  sums  paid 
in  advance)  amounted  to  £1,385  12s.  Od.,  being  an  increase  over  the 
preceding  year  of  £101  16s.  Od. 

The  amount  of  subscriptions  in  arrear  beyond  one  year  was  £218  8s.  Od. 
the  simi  of  £58  16s.  Od.  having  been  struck  off  during  the  year  as  irre- 
coverable. The  attention  of  the  Arrears  Committee  had  been  directed  to 
the  amount  of  arrears,  and  it  was  hoped  that  this  item  would  in  future 
be  considerably  reduced,  and  the  subscriptions  of  members  promptly  paid 
as  they  became  due. 

The  total  expenditure  amounted  to  £1,897  18s.  3d.,  or  a  decrease  on 
the  preceding  year  (when  the  payments  were  exceptionally  heavy)  of 
£334  10s.  Od. 

The  exceptional  items  this  year  included  £216  15s.  4d.  expended  by 
the  Explosives  Committee  and  £116  18s.  5d.  for  cleaning  and  repairing 
the  Wood  Memorial  Hall,  etc. 

In  accordance  with  the  instructions  of  the  Council,  a  new  estimate 
has  been  made  of  the  value  of  the  stock  of  Transactions,  etc.,  in  hand, 
and  the  amount  shown  in  the  balance  sheet  is  a  considerable  reduction 
on  that  shown  in  previous  years. 


The  President  said  he  had  great  pleasure  in  moving  the  adoption  of 
the  reports  and  accounts.  The  members  had  every  reason  to  congratu- 
late themselves  that  the  affairs  of  the  Institute  were  in  so  satisfactory  a 
condition.  The  Transactions  during  the  past  year  compared  favourably 
with  any  they  had  had  before.  Referring  to  the  recent  visit  of  Belgian 
engineers,  he  said  those  gentlemen  appeared  to  have  gone  away  very  much 
pleased  with  everything  which  had  been  shown  to  them  here,  and  had 
expressed  themselves  very  gratefully  for  the  kind  way  in  which  the 
members  of  the  Institute  and  their  friends  had  opened  their  works 
and  collieries  for  ins^jection. 

Mr.  Robert  Thompson  seconded  the  resolution,  which  was 
unanimously   adopted. 
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Dr. 


The  Teeastjkee  in  AccorxT  with  the  Noeth  of  England 

Fob  the  Yeae  ending 


To  Balance  at  Bankers  

„         „        in  hand      ...         

„  Dividend  of  3^  per  cent,  on  134  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Co.,  Ltd.,  for 
the  half  year  ending  December,  1891 

„  „      3f  for  half  year  ending  June,  1892 

194    6    0 
„  Interest  on  Investments  with  the  River  Tyne  Commis- 
sioners             73    2     6 


£      s. 

d. 

£      s.    d. 

71     2 

8 

84  12 

3 

155  14  11 

93  16 

0 

100  10 

0 

To  SrBSCEiPTioxs  FOE  1891-92  as  follows  : 
409  Ordinai-y  Members    ... 

1  Life  Member  

21  Associate  Members    ... 

26  Associates 

19  Students 

23  New  ^Vlembers 

6  „     Associate  Members 

1     „     Life  Associate  Member 

7  „     Associates 
7     „     Students 

To  STrBSCEIBIXG   COLLIEBIES,   VIZ.:  — 
Asbington  Coal  Company 

Birtley  Iron  Company     

Bridge  water  Trustees 
Earl  of  Durham    ... 

Has  well  Coal  Company    ...         

Hetton  Coal  Company     

Hutton  Henry  Coal  Company    ... 
Marquess  of  Londonderry 
North  Branccpetii  Coal  Company 
Owners  of  North  Hetton  Colliery 

Eyhope  Coal  Company     

Seghill  Coal  Company     ... 
South  Hetton  and  Murton 
Stella  Coal  Company 
Throckiey  Colliery 
Victoria  (iaresfield 
^Vearmouth  Colliery 


ipss^Subsci'iptions  for  current  year  paid  in  advance 
last  vear 


To  Arrears 

„  Subscriptions  paid  in  advance  during  current  year 

„  Sale  of  Publications,  per  Secretary  

„  „  „  per  A.  Reid,  Sons  &  Co.    ... 

„  Investments  realized 


@  £2  2s. 

858 

18 

—      267    8    6 
0 

25 

0 

0 

@  £2  2s. 

4-4 

2 

0 

@£1 

Is. 

27 

6 

0 

@  £1 

Is. 

19 

19 

0 

@  £2  2s. 

48 

6 

0 

@  £2  2s. 

12 

12 

0 

25 

0 

0 

@  £1  Is. 

7 

7 

0 

@£1 

Is. 

7 

7 

0 

1,075 

17 

0 

£2    2 

0 

6    6 

0 

6     6 

0 

10  10 

0 

4    4 

0 

10  10 

0 

2    2 

0 

10  10 

0 

2    2 

0 

6    6 

0 

4    4 

0 

2     2 

0 

4     4 

0 

2     2 

0 

2     2 

0 

2     2 

0 

4     4 

0 



81 

18 

0 

1,157  15 
14  14 

0 

0 

1,143     1 
242  11 

0 
0 

43     0 
6  10 

10 
0 

♦ 


1,385  12 
25     4 


49  11 
500    0 


£2.383  10     9 
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Institute  of  Mining  and  Mechanical  Engineees. 
Jutr  31.  1892. 


Ce. 


July  23,  1892 

By 


Publishing  and  Stationery  Accounts,  viz. 
A.  Reid,  Sons  &  Co. 
Books  for  Library  ... 
Abstracts  of  Foreign  Papers 
Prizes  for  Papers    ... 

Incidental  Expenses  

Sundry  Accounts     ... 

Travelling  E.vpenscs  

Salaries 

Clerks'  Wages 

Reporter's  Salai-y    ... 

Rent... 

Rates  and  Taxes 

Insurance     ... 

Furnishing,  etc. 

Coals,  Gas,  and  Water 

Postages 

Wood  Memorial  Hall         

General  Index 

Fan  Committee        ...         

Explosives  Committee 
Warington  Smyth  Memorial  Fund 


By  Federated  Institution  of  Mining  Engineers 


By  Balance  at  Bank 
„  ,,       in  hand 


£      s.    d.       £       s.    d. 


256     3     1 


31  0 

6 

1  10 

0 

63  0 

0 

94  11 

9 

13  12 

6 

10  19 

10 

150  0 

0 

129  2 

8 

12  12 

0 

94  4 

8 

19  6 

8 

9  4 

11 

12  7 

5 

19  11 

3 

61  15 

4 

116  18 

5 

47  2 

2 

887  0  1 

3  7 

9 

216  15 

4 

10  10 

0 

230  13  1 
524  2  0 

448  14 
63  18 


1,897  18    3 


485  12    6 


Audited  and  found  correct. 

JOHN  G.  BENSON, 

Chaetered  Accountant. 

Newcastle-upon-Tyne, 

August  6th,  1892. 
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ACCOUNTS. 


To  535  Members, 

2i  of  wliom  are  Life  Members. 

Life  Member  (1) 

511 

1  paid  as  Associate 


510 


510  @  £2  2s. 


To    29  Associate  Members, 

4  of  whom  are  Life  Members. 
25  25  @  £2  2s. 


The  Tbeasuhee  ix  Account 


£      s.   d.       £      s.    d. 

25    0    0 

110 

1,071     0     0 
1,097    1     0 


52  10    0 


To    28  Associates  @  £1  Is. 


29    8    0 


To     3G  Students  @  £1  Is. 


37  16    0 


To     23  New  Members  @  £2  2s. 


48     fi    0 


To       6  New  Associate  Members  (&>  £2  2s. 
1      „  „         Life  Member     ... 


To       7  New  Associates  'a)  £1  Is. 


12  12     0 
25     0     0 


37  12     0 

7    7    0 


To       7  New  Students    @  £1  Is. 


7    7    0 


To  Subscribing  Collieries 


To  Arrears,  as  per  Balance  Sheet"  1890-91 
Less — Struck  off  as  In-ecoverable 


To  Arrears  considered  irrecoverable,  but  since  paid 
To  Subscriptions  Paid  in  Advance 


517  13    0 
58  16    0 


92     8  0 

1,409  15  0 

458  17  0 

2     2  0 

25     4  0 


£1,895  18    0 


ACCOUNTS. 


WITH  Subscriptions,  1891-92. 
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By      1  Life  Member,  paid  

By      1  Member  paid  as  Associate 

By  409  Members,  paid     

By  101         „  unpaid 

510 

By   21  Associate  Members,  paid 
By     4         ,,  „  unpaid 

25 

By   25  Associates,  paid   ... 

By     2         ,.  unpaid 

By      1         „  dead 

28 

By    19  Students,  paid 

By    11         „  unpaid  

By      6         „  transferred  to  Members 

36 


@  £1  Is. 
@  £1  Is. 
@  £1  Is. 


@  £1  Is. 
@  £1  Is. 
(a)  £1  Is. 


PAID.  UNPAID. 

£       s.   d.        £       s.  d. 
25     0     0  


110 


£2  2s.      858  18    0  

£2  2s 212     2     0 


@  £2  2s.         44     2     0  

^g  £2  2s 8     8     0 


26    5     0 


19  19    0 


2     2     0 
110 


11  11     0 
6     6     0 


By    17  Subscribing  Collieries,  paid 

1  „  Colliery,  unpaid     ... 

By   23  New  Members,  paid        

By     6  New  Associate  Members,  i^aid  . . . 
By      1  ,,  Life  Member,  paid 


81  18     0 


@  £2  2s.        48    6    0 

@  £2  2s.        12  12    0 
25    0    0 


10  10     0 


By     7  New  Associates,  paid 
By     7  New  Students,  paid 

By  Arrears,  paid  ... 
„         „       unpaid 
By  Subscriptions  paid  in  advance 


@  £1  Is.  7     7     0 

@  £1  Is.  7     7     0 


1,157  15  0  252    0     0 

242  11  0  

218     8     0 

25     4  0  


£1,425  10    0      470     8    0 
1,425  10    0 


£1,895  18    0 


270 


ACCOUNTS. 


ri  ® 


o  o  o 
cox 


-r  <M  rr 
X  ■*  X 

4^  -T  05 


o  o  o 

X  O  l> 
^  lO  •^ 


O  O       CO  o  o 


o  o  o  cc 

O  «i  ift  t> 


o  c 


.    ;i,    .    X    X    M 

•  ^  •  f-t\azz 


■    :-~    :"52^    :l    :    :    :    : 
:    :  =    :  (M  = ,. .    :  ''^    :    :    :    : 


®5 

:  2'« 

•  o  c 


■J-    i  ti 


;  «0  CD  «3  «  J    s 


22  5 


:  ($)  .    :  =  £  Ec   :  X  '^  X  X  K 


io 


t-® 


:($ 


o  r;    ci         -    X 


:  X 


S  c 


«rt 


oo 


-X  --I       i5  ?5 


•■SS 


<JE-i       CO 


'.  0:3^60^^2;=' --- 


■:s  -?  —  @  S  ?2  <$)!C  t^  c;  ^,5  C 3C  --c  ^5  --o  10  -I 
.^  X  X  ^  ^^'--t^  ^-'t^  .c  IS  ^-^"-v  i^  c  M  rt  .s  c: 
Sci^ia      TT'Mt^      eci>x       f-i       (MncOTNco 


—  o, 


^  r-l   "5r     =S    O 


"^  •<* 


^       00 

X              aOO 

05 

nj  0  0 

X  ■*  •'? 

00         _=    = 


o 


P5         -= 

<      5 


<:«^ 


DC 


2    ^ 


7^  u 

■^  c 

r2  X 

-==  5 


THE   ORBNANCE   MAPS.  271 

SOCIETE  DES  INGEXIEURS  SORTIS  DE   L'ECOLE   PROVIN- 
CIALE  D'INDUSTRIE  ET  DES  MINES  DU  HAINAUT. 

The  Seceetary  reported  that  in  connexion  with  the  recent  visit 
of  the  society  of  Belgian  Engineers,  the  following  telegram  had  been 
received  from  the  King  of  the  Belgians  : — 

The  King  of  the  Belgians  is  pleased  to  acknowledge  the  toast  which 
the  President  of  the  North  of  England  Institnte  of  Mining  and 
Mechanical  Engineers  drank  to  His  Majesty  at  the  banquet  to  the 
members  of  the  Societe  des  Ingenieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  du  Hainaut.  The  King  has  desired  Mr.  Briart, 
the  President  of  the  Societe  des  Ingenieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  dn  Hainaut  to  thank  the  merabei's  of  the  North 
of  England  Institute  of  Mining  and  Mechanical  Engineers  very  sincerely 
on  his  account,  and  to  convey  also  the  expression  of  his  thankfulness  to 
the  Belgian  Consul,  and  to  all  those  present  at  the  banquet  who  drank 
to  the  health  of  the  King  and  the  Royal  Family.  His  Majesty  conveys 
his  best  wishes  for  the  success  of  the  interesting  excursions  that  the 
members  of  the  Societe  des  Ingenieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  du  Hainaut  are  making  in  England. 

The  President  then  moved: — "That  the  best  thanks  of  the  Institute 
be  given  to  the  Committee  who  made  the  arrangements,  to  the  gentlemen 
who  contributed  towards  the  expenses  incurred  in  receiving  the  visitors, 
to  the  owners  of  works  and  collieries  visited,  and  to  those  who,  by  their 
assistance  and  services,  contributed  so  largely  to  the  success  of  the  excur- 
sions on  June  30th  and  July  1st  and  2nd  ;  and  that  a  formal  letter  be 
sent  in  the  name  of  the  Institute  conveying  this  resolution  to  them." 
He  was  quite  sure  that  those  who  attended  the  excursions  would  agree 
that  they  were  received  in  a  most  hospitable  manner  wherever  they  went. 

Mr.  R.  L.  Weeks  seconded  the  motion,  which  was  unanimously 
adopted. 

THE  ORDNANCE  MAPS. 

The  following  communication  from  Prof.  Merivale  was  read,  being  a 
digest  of  the  evidence  he  had  given  before  the  Departmental  Commission 
of  the  Ordnance  Survey : — 

The  uses  to  which  mining  engineers  in  the  North  of  England  put  the 
Ordnance  maps  are  as  follow : — 

The  6-inches  map,  more  especially  when  geologically  coloured,  is  used 
as  a  royalty  map,  i.e.,  the  properties  of  the  various  mineral  owners  are 
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defined  on  it  with  their  names.  In  this  way  the  various  boundaries  and 
the  areas  of  various  properties  over  a  considerable  extent  of  country  can 
be  seen  at  a  glance.  Tracings  for  leases,  for  the  illustration  of  letters, 
and  for  all  questions  not  involving  much  detail,  are  conveniently  and 
continually  taken  from  this  map. 

As  an  illustration  of  the  use  of  this  map,  the  writer  recently  had  four 
sets  of  three  tracings  each  made  of  a  mining  take  of  5,010  acres.  No.  1 
showed  the  surface  and  the  positions  of  such  important  points  as  shafts, 
workshops,  cottages,  etc.;  No.  2,  the  main  drifts  in  one  seam;  and 
No.  3,  the  main  drifts  in  another  seam. 

Mining  engineers  acting  as  lessors'  agents  use  this  map  largely ;  the 
wi'iter  has  over  100  sheets  in  use. 

The  25-inches  map  is  used  as  a  working  plan.  The  sheets  are  cut, 
fastened  together,  and  mounted  upon  cloth,  and  the  workings  are  drawn 
upon  it  from  day  to  day.  In  this  way  an  accurate  plan  is  obtained  at  a 
small  cost,  and  the  relative  positions  of  the  workings  and  surface  erec- 
tions, etc.,  a  matter  of  much  importance,  are  seen  at  a  glance. 

In  some  cases,  to  avoid  unnecessary  surface  details,  a  plan  is  made 
from  this  Ordnance  map,  omitting  some  of  the  details,  such  as  trees,  etc. 
This  is,  of  course,  much  less  costly  than  making  a  special  survey,  but  it 
would  be  convenient  if  a  map  could  be  published  on  this  scale  without 
detail,  showing  fences,  roads,  water,  houses,  etc.,  and  railways  only. 

A  map  upon  a  scale  of  2  chains  to  1  inch  would  no  doubt  be  con- 
venient in  some  cases,  and  possibly  if  the  survey  were  now  beginning 
there  might  be  a  better  relation  between  the  scales.  But  the  general 
opinion  appears  to  be  that  the  6-inches  and  25-inches  maps  suit  all  tlie 
reasonable  requirements  of  mining  engineers  in  the  North  of  England, 
and  the  wi'iter  is  certainly  of  this  opinion. 

It  is  suggested  that  the  centres  of  shafts  and  boreholes  should  be 
shown  on  the  maps.  These,  more  especially  the  first,  are  the  starting 
points  of  all  mining  surveys. 

The  contour-lines  should  be  drawn  closer  together.  The  general 
opinion  appears  to  be  that  50  feet  intervals  would  be  sufficient.  The 
writer's  view  is  that  25  feet  would  be  very  much  better,  and  it  may  be 
mentioned  that  the  Belgian  ^-o-oo o  and  40 otto  ^^V  ^^^'^  them  at  intervals 
of  5  metres  (16  feet). 

More  numerous  bench  marks,  especially  on  public  roads,  Avould  be 
convenient.  Many  of  the  present  bench  marks  near  Durham  (city)  are 
said  to  be  incorrect  and  should  be  releveUed. 

An  index  to  the  signs  used  on  the  maps  should  be  printed  upon  the 
marain  of  each  sheet. 
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If  the  maps  were  printed  in  squares  regardless  of  parish  and  county 
boundaries,  it  would  be  more  conveuient,  and  avoid  awkward  joints  in 
conuccting-  them  together. 

Complaints  are  made  from  some  districts  that  the  G -inches  maps  are 
"so  nmch  out  of  date  as  to  be  misleading  and  almost  useless."  If  agents 
were  established  at  suitable  centres,  to  whom  engineers,  surveyors,  etc., 
could  seud  (and  should  be  compelled  to  send  under  a  penalty)  all  altera- 
tions, a  set  of  G -inches  maps  up  to  date  might  be  kept  for  reference. 
This  agent  also  should  keep  the  local  maps  in  stock.  It  is  not,  in  the 
writer's  opinion,  so  necessary  that  the  io-iuches  maps  should  be  kept  up 
to  date,  as  each  mining  engineer  requires  only  a  small  area  on  this  scale, 
and  could  keep  it  up  to  date  himself. 

It  is  hardly  necessary  to  say  that  mining  engineers  would  be  glad  to 
have  the  maps  completed.  In  the  Cle^'eland  district,  for  example,  we 
"  have  much  wanted  the  S-chains  scale  for  mine  plans,  but  have  had  to 
do  without  them.  All  the  plans  are  now  made  by  private  survey,  and  no 
more  are  likely  to  be  wanted,  but  we  have  suffered  greatly.  On  one  side 
of  the  Tees  they  have  been  out  for  twenty  years  ;  on  the  other  side  we 
are  still  left  out  in  the  cold." 

The  price  is,  the  writer  thinks,  moderate,  but  if  the  G-inches  map 
could  be  sold  at  a  cheaper  rate  the  sale  would  proljably  be  largely 
increased.  Many  persons  would  prefer  to  use  the  Ordnance  map  itself  for 
leases,  etc.,  instead  of  taking  the  trouble  to  make  a  tracing  from  it. 

It  is  obvious  that  the  use  of  paper  that  would  rot  alter  in  dimension 
would  be  an  improvement. 

The  President  moved  that  the  thanks  of  the  Institute  be  accorded 
to  Prof.  Merivale,  which  was  agreed  to. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MIXING  ENGINEERS. 

The  President  moved  the  re-election  of  the  existing  representatives. 
^Ir.   II.  White  seconded   the   resolution,   which   was   unanimously 
agreed  to. 

The  names  of  the  representatives  of  this  Institute  for  the  ensuing 

year  are  as  follow : — 

W.  Armstrong,  Esq.,  Pelaw  House,  Chester-le-Street. 

W.  Armstrong,  Jun.,  Esq.,  Wintjate,  Co.  Durham. 

Sir  LoWTHIAN  BtLL,  Bart.,  Rouutou  Grange,  NorthaUert'jn. 

T.  J.  Bewick,  Esq.,  Broail  Street  House,  OUl  BroaJ  huwr,  London,  E.C. 
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M.  Walton  Brown,  Esq.,  Westmorelands,  Low  Fell. 

W.  COCHRAXE,  Esq.,  Grainger  Street  West,  Newcastle-upon-Tyne. 

J.  Dagllsh,  Esq.,  Rothley  Lake,  Cambo,  E.S.O.,  Northumberland. 

D.  Dale.  Esq.,  West  Lodge,  Darlington. 

T.  Douglas,  Esq.,  The  Garth,  Darlington. 

G.  B.  FoRSTER,  Esq.,  North  Jesmond,  Newcastle-upon-Tyne. 

G.  C.  Greenwell,  Esq.,  Elm  Tree  Lodge,  DufReld,  Derby. 

H.  Lawrence,  Esq.,  Grange  Iron  Works,  Durham. 

G.  May,  Esq.,  Plarton  Colliery,  South  Shields. 

J.  H.  Merivale,  Esq.,  2,  Victoria  Villas,  Newcastle-upon-Tyne. 

M.  W.  ParringtoN;  Esq.,  Wearmouth  Colliery,  Sunderland, 

J.  B.  Simpson,  Esq.,  Hedgefield  House,  Blaydon-upon-Tyne. 

A.  L.  Steavexsox,  Esq.,  Durham, 

Lindsay  Wood,  Esq,,  The  Hermitage,  Chester-le-Street. 


The  President  moved: — "That  in  future  the  representatives  of  this 
Institute  on  the  Council  of  the  Federated  Institution  of  Mining  Engineers 
shall  be  eligible  for  re-election,  with  the  exception  of  one-third  of  their 
number,  as  may  have  attended  the  fewest  meetings  of  the  Federated 
Council  during  the  past  year,  and  that  when  any  such  attendances  are 
equal,  the  Council  of  the  North  of  England  Institute  shall  decide  between ; 
but  any  such  representatives  shall  be  eligible  for  re-election  after  being 
one  year  out  of  office." 

Mr.  H.  White  seconded  the  resolution,  which  was  unanimously 
adopted.  

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Members — 

Mr.  Claude  William  Atkinson,  Civil  Engineer,  22,  Albion  Road,  Ealing,  W. 

Mr.  L.  B.  Atkinson,  Civil  Engineer,  Messrs.  T.  W.  Goolden  &  Co.,  Woodtield 
Works,  Harrow  Road,  London. 

Mr,  A.  G.  Charleton,  Mining  Engineer,  Dovercourt.  Essex, 

Mr.  E.  Taylor  Cheesman,  Mining  Engineer,  Shire  Moor  Colliery,  Northum- 
berland. 

Mr.  Herbert  Cheesman,  Wire  Rope  Manufacturer,  Hartlepool. 

Mr.  Cyril  H.  Dodd,  Manager,  St,  Helen's  Colliery,  Bishop  Auckland. 

Mr.  Joseph  Faulder,  Manager,  Bolton  Colliery,  Mealsgate,  via  Carlisle. 

Mr.  E.  FiSHWiCK,  Manager.  Binchester  Colliery,  Co.  Durham. 

Mr.  Walter  T.  Goolden,  Electrical  Engineer,  28.  West  bourne  Park,  London,  W. 

Mr.  Geo.  B.  Harrison,  Manager,  West  Hunwick  Colliery,  Hunwick,  R.S.O., 
Co.  Durham. 

Mr.  Jacob  Carlos  Jones,  Colliery  Manager,  Bellambi,  New  South  Wales. 

Mr.  James  Linday,  Manager,  Bishop  Auckland. 

Mr.  C.  W.  Martin,  Manager,  Murton  Colliery,  via  Sunderland. 

Mr.  A.  DURY  MiTTON,  Manager,  Gordon  House  Colliery,  Cockfield,  Co.  Durham. 

Mr.  Robert  Peel,  Manager,  New  Brancepeth  Colliery,  Durham. 

Mr.  Thos.  Pringle,  Colliery  Manager,  Tanfield  Lea  Colliery,  Lintz  Green. 
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Mr.  Daniel  Alexander  Wilbekporce  Robertson,  Mining  Engineer, 
Metropolitan  Colliery,  Helensburg,  near  Sydney,  New  South  Wales. 

Mr.  D.  W.  Kobson,  Manager,  Eighton  Lodge,  Low  Fell. 

Mr.  James  Henky  Ronaldson,  Mining  Engineer,  Mount  Kembla  Colliery, 
Wollongong,  New  Soutli  Wales. 

Mr.  Hugh  Ross,  Manager,  Croxdale  Colliery  Office,  Durham. 

Mr.  James  Rowan,  Inspector  of  Collieries,  Wollongong,  New  South  Wales. 

Mr.  Edward  Marshall  Touzeau,  Civil  Engineer,  Leadenhall  Buildings, 
Leadenhall  Street,  London,  E.C. 

Associate  Members — 

Mr.  B.  T.  A.  Bell,  Secretary  of  the  General  Mining  Association  of  the 
Province  of  Quebec,  Ottawa,  Canada. 

Mr.  William  Patterson,  Front  Street,  Tynemouth. 

Mr.  Charles  Perkins,  Colliery  Owner,  Gallowhill  Hall,  Newcastle-upon- 
Tyne. 

Mr.  James  Todd,  Accountant,  Elvet  Bridge,  Durham. 

Mr.  James  Walton,  Coal  Fitter,  Bebsidc  Coal  Company,  23,  Queen  Street, 
Newcastle-upon-Tyne. 

Associates — 
Mr.  William  Archer,  Colliery  Manager,  West  Stanley  Colliery,  R.S.O.,  Co. 

Durham. 
Mr.  E.  Hodgson,  Under  Manager,  Black  Boy  Colliery,  liishop  Auckland. 
Mr.  William  Johnson,  Manager,  Framwellgate  Moor,  Durham. 
Mr,  K.  G.  Wilson,  Under  Manager,  Pelton  Colliery,  Chester-le-Street. 

The  following  were  nominated  for  election  : — 

Members — 

Mr.  James  Angus,  Mining  Engineer,  Radcliffe,  Acklington,  Northumberland. 

Mr.  Robert  John  Brown,  Colliery  Manager,  Barakar,  East  India  Railway, 
Bengal,  India. 

Mr.  John  Curry,  Colliery  Engineer,  Rainton  Colliery,  Fence  Houses, 

Mr.  Peter  Harle,  Assistant  Manager,  Page  Bank  Colliery,  Co.  Durham. 

Mr.  Robert  Thomas  Moore,  Civil  and  Mining  Engineer,  156,  St.  Vincent 
Street,  Glasgow. 

Mr.  William  Morris,  Jun.,  Colliery  Manager,  Waldridge  Colliery,  Chester- 
le-Street. 

Mr.  James  Leslie  Shaw,  Civil  and  Mining  Engineer,  Somerset  House, 
Whitehaven. 

Associate  Members — 
Rev.  G.  M.  Capell,  Passenham  Rectory,  Stony  Stratford, 
Mr,  George  Elliot  Coxon,  Low  Fell,  Gateshead-upon-Tyne. 
Mr.   George   Humphreys-Davies,   F.S.I.,   Surveyor,   Valuer,   and    Rating 

Expert,  8,  Laurence  Pountney  Hill,  Cannon  Street,  London,  E.C,  and 

16,  Deansgate,  Manchester, 
Mr.  Edward  Charlton  Scott,  Surveyor,  Rainton  Colliery,  Fence  Houses, 

Students — 

Mr,  Robert  0.  Brown,  Mining  Student,  Elswick  Collieries,  Newcastle-upon- 
Tyne. 

Mr.  Fred.  King,  Mining  Student,  Cramlington  Colliery,  R.S.O.,  Northumber- 
land. 
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DISCUSSION  UPON  MR.  T.  H.  M.  STRATTON'S  PAPER  ON 
"AX  ENQUIRY  INTO  THE  CAUSE  OF  THE  TWO 
SEAHAM  EXPLOSIONS,  1871  AND  1880,  AND  THE 
POCHIN  EXPLOSION,  1884." 
Mr.  ^y.  H.  RoUTLEDGE  wrote  that,  in  reference  to  the  heavy  shots 
aUuded  to  by  ^Iv.  Strattou  as  occnmng  iu  the  Pochiu  Colliery,  it  might 
be  explained  that  the  work  to  l)e  done  by  these  shots  was  exceptionally 
severe,  the  clod  in  the  ripping  being  very  strong,  and,  as  a  rule,  to  his 
knowledge  the  canches  were  unnsually  thick.  To  render  shots  effective 
nnder  these  conditions,  large  quantities  of  powder  were  necessary,  and 
this,  in  addition  to  the  fact  that  there  was  a  soft  parting  at  the  top  of 
the  ripping  where  the  shots  were  placed,  enabled  one  to  fully  understand 
the  effects  mentioned.  These  circumstances  appearing  a  constant  source 
of  danger,  tending  to  serious  conscfpiences,  induced  the  writer  to  adopt 
about  three  years  ago  a  different  form  of  explosive  and  thus  minimize 
the  danger.  Several  kinds  of  explosives  were  tried,  and  among  them 
robnrite,  which  proved  the  best,  both  as  regards  efficiency  and  the  absence 
of  noticeable  flame.  This  change,  according  to  the  testimony  of  both 
colliers  and  shot-firers,  has  had  most  remarkable  results.  They  state  that 
even  with  shots  fired  with  2  lbs.  of  robnrite  there  was  absolutely  no 
flame,  and  that  less  fine  dust  was  raised  during  shot-firing  by  this 
explosive.  There  were,  as  a  rule,  thirty  to  forty  shots  fired  daily  iu  the 
ripping  of  the  stall-roads  in  the  Pochiu  Colliery  at  a  time  when  the  shot- 
firers  alone  were  in,  and  there  was  practically  no  dust  in  the  air  except 
the  small  quantity  produced  by  the  shots  themselves.  Shots  had  occasion- 
ally been  fired  on  the  main  haulage-road  during  the  ^vriter's  period  of 
management,  robnrite  only  being  used,  and  the  roof,  sides,  and  floor  were 
well  saturated  with  water.  The  shot-firers  iu  the  night  shift  had 
special  written  authority  on  each  occasion.  The  ^vl■iter  fully  appreciates 
the  great  danger  of  shot-firing  on  main  roads  where  large  quantities  of 
ail'  are  passing  at  a  high  speed  and  where  there  is  much  traffic,  as  in 
laro-e  collieries,  especially  when  the  dust  is  finely  suspended  and  deposited, 
and  of  highly  volatile  proi^erties.  But  by  using  high  explosives,  say  on 
a  week  end  or  idle  day,  and  well  watering  and  washing  away  the  accumu- 
lated dust,  the  danger  was  no  greater  than  in  the  working-places.  With 
regard  to  the  saturation  of  the  intake  air,  the  writer's  experience  coincided 
with  that  of  Mr.  Strattou.  The  introduction  of  exhaust  steam  into  the 
downcast  shaft  was  of  great  service  but  was  not  generally  apphcable,  and 
the  numerous  falls  of  roof  and  fogging  of  the  air  accompanying  its  use 
have  operated  against  its  extension.     The  writer's  present  practice  was  to 
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use  a  small  quautity  of  exhaust  steam  supplemented  by  several  miles  of  2- 
inches  water-pipiug,  having  stand  pipes  at  intervals  of  40  yards,  to  each  of 
which  a  hose  and  nozzle  was  attached.  The  pressure  of  the  water  column 
of  the  shaft  was  sufficient  to  well  wash  the  roof  and  sides.  A  man  being 
employed  every  night  specially  for  this  purpose.  This  was  a  modification 
of  Mr.  Stratton's  plan,  as  the  introduction  of  mechanical  haulage  ren- 
dered it  necessary  to  have  a  clear  atmosphere  for  the  safety  of  the  men 
employed  in  the  attachment  and  detachment  of  the  trams  to  the  rope. 
Generally  speaking,  if  it  were  possil)le  to  always  have  the  air  descending 
the  downcast  at  a  higher  temperature  than  the  normal  temperature  of  the 
mine,  there  would  be  little  necessity  for  watering.  It  might  be  worthy  of 
remark  that  during  one  night  last  winter  the  temperature  of  the  intake 
air  fell  so  low  at  Pochin  Colliery  (which  is  330  yards  deep)  that  the 
exhaust  steam  was  congealed  as  fine  snow,  and  could  be  observed  in  the 
air  from  30  to  40  yards  in-bye  from  the  downcast  shaft,  where  the  quantity 
of  air  passing  was  between  120,000  and  130,000  cubic  feet  per  minute. 

Mr.  T.  H.  M.  Steattox  wrote,  in  reply  to  the  preliminary  discussion 
on  his  paper,  that  he  had  but  little  to  add  to  what  he  there  set  forth. 
He  did  not  see  any  occasion  to  retract  anything  that  he  had  then 
advanced.  Having  expressly  disclaimed  any  originality  in  his  theories, 
the  wi'iter  had  hoped  no  one  would  have  suspected  him  of  appropriating 
the  ideas  of  others  and  giving  them  forth  as  his  own.  As  to  raising 
the  temperature  of  the  intake  air  to  the  normal  heat  of  the  mine  and 
saturating  it  with  water  vapour,  he  was  perfectly  clear  he  had  not  pre- 
viously read  Mr.  Galloway's  paper  in  Nature,  and  it  was  equally  certain 
that  the  Pochin  experiment  had  been  going  on  some  time  before  Messrs. 
Atkinson's  book  found  its  way  into  the  writer's  hands.  Otherwise  he 
made  no  claim  to  any  priority,  and  readily  gave  honour  where  honour 
was  so  largely  due.  To  the  various  criticisms  of  the  facts  produced  and 
the  theories  deduced  therefrom  he  now  proposed  shortly  to  reply,  in 
the  order  in  which  they  appear  in  the  discussion.  The  writer  had  no 
intention  of  conveying  the  meaning  that  Mr.  Galloway  had  given  the 
evidence  attributed  to  the  experts.  What  he  did  say  was  that  Mr. 
Galloway  and  the  other  experts  examined  the  place  where  the  bottom 
had  been  cut,  and  that  it  was  freely  admitted  by  everyone  that  there 
was  not  only  no  proof  that  a  shot  had  been  fired,  but  that,  so  soft  was 
the  gTound,  there  was  no  apparent  reason  why  a  shot  should  have  been 
fired.  Mr.  Galloway's  conclusion  that  such  had  been  the  case  can  only 
be  regarded  as  a  clever  and  happy  surmise,  for  no  witnesses  were  forth- 
coming at  the  inquest  to  suggest  that  the  collier  had  been  seen  boring 
a  hole,  although  enquiry  was  expressly  directed  in  order  to  ascertain  if 
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this  had  been  so.  With  regard  to  Mr.  Hall's  objection  to  believe  that 
a  short  distance  of  wet  road  would  be  sufficient  to  hinder  the  propagation 
of  a  dust  explosion  ;  it  was  to  be  observed  that  the  wi'iter  did  not  invent 
the  facts  to  fit  the  theory,  but  endeavoured  to  find  a  theory  which  would 
fit  the  facts.  Three  shots  were  fired  at  Seaham,  which,  initially,  were 
identical,  but  which  in  their  results  differed  very  widely.  The  short 
distances  of  wet  road  was  the  writer's  explanation  of  the  difference, 
and  it  was  further  important  to  note  that  there  was  nothing  really 
contradictory  to  this  theory  in  Mr.  Hall's  experiments.  When  the 
dust  was  first  ignited  a  much  shorter  distance  of  damp  road  would  be 
a  protection  than  after  the  explosion  had  attained  great  dimensions. 
At  Seaham  the  damp  portions  of  road  were  close  to  the  point  of  origin. 
That  a  damp  road  might  be  efficacious,  even  when  the  explosion  was 
a  very  violent  one,  was  a  fact  familiar  to  mining  engineers.  In  1880,  the 
late  Mr.  Cadman,  H.M.  Inspector  of  Mines  for  the  South-western  District, 
in  conversation  with  the  writer  mentioned  that  at  Abercarne  Colliery 
in  1877,  it  was  the  intervention  of  a  damp  shaft  siding  which  confined 
the  explosion  to  one  side  of.  the  pit,  and  that,  in  consequence,  very  many 
Hves  were  saved.  There  are  probably  many  other  instances.  Mr.  J. 
B.  Atkinson  asked  if  shots  had  elsewhere  been  fired  in  enlarging  the 
refuge  holes.  To  this  the  answer  was  yes,  and  in  some  considerable 
number.  Those  fired  on  the  night  of  the  explosion  would  have  been 
among  the  veiy  last.  This  was  one  of  the  reasons  which  caused  the 
writer  to  conclude  that  the  danger  of  shot-firing  increased  the  nearer 
to  the  downcast  shaft  the  shots  were  fired.  There  can  be  no  hesitation 
in  admitting  that  the  temperatures  quoted  by  Mr.  J.  B.  Atkinson  make 
very  strongly  against  the  theory  propounded  by  the  writer  as  to  the 
reason  why  at  Seaham,  both  in  1871  and  1880,  the  explosion  died  out 
before  reaching  the  faces,  and  if  the  circumstances  in  those  cases  did 
not  materially  differ  from  those  existing  when  Mr.  liindsay  Wood's 
recorded  temperatures  were  taken,  unquestionably  some  other  theoiy 
must  be  found.  But  for  the  strike  it  was  the  writer's  intention  to  have 
made  some  observations  at  Seaham,  as  he  thought  that  much  might 
depend  upon  the  manner  in  which  the  roads  were  kept  watered.  As 
this  was  not  practicable  he  thought  it  only  fair  to  say  that  Mr.  Wood's 
observations  at  Seaham  neither  proved  nor  disproved  anything,  as  they 
had  been  taken  in  the  No.  2  Pit,  which  is  very  much  drier  than  the 
Nos.  1  and  3  Pits  in  which  the  explosions  actually  occuiTed,  and  until 
observations  had  been  made  in  these  pits  the  writer  felt  inclined  to 
adhere  to  his  opinion ;  although  he  must  of  necessity  so  far  modify  it 
as  to  admit  that  there  may  be  other  causes — the  diminished  speed  of 
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the  air-curvent  being  one.  At  any  rate,  no  one  will  seriously  contend 
that  there  was  less  dust  produced  as  the  workings  were  approached,  and 
therefore  it  inevitably  followed  that  there  must  be  some  such  reason  as 
that  advanced  by  the  writer  to  make  it  non-combustible.  The  other 
points  alluded  to  by  Mr.  J,  B.  Atkinson  are,  by  comparison  with  the 
last,  of  trifling  importance.  He  points  out  an  apparent  discrepancy 
in  what  the  writer  stated  as  to  the  Maudlin  travelling-way  and  the 
Maudlin  Seam  second  intake  air-way.  In  reality  there  was  none,  the 
travelling-way  was  the  second  intake  air-way,  but  it  never  got  that  name, 
while  the  second  intake  air-way,  so  called,  was  not  used  as  a  travelling-way. 
As  to  the  theory  which  assigned  the  point  A  as  the  place  where  the  explosion 
began,  Mr.  J.  B.  Atkinson  had  evidently  misunderstood  the  data  which 
led  up  to  it.  The  fall  which  was  supposed  to  have  given  off  the  gas 
had  every  appearance  of  having  been  there  before  the  explosion,  and 
not  as  Mr.  .iVtkinson  puts  it.  The  writer  now  accounts  for  this  mis- 
leading appearance  by  sup}X)sing  that  the  fall  came  away  after  the  blast 
entered  No.  1  Pit,  but  before  the  subsequent  and  much  more  powerful 
reaction  from  No.  1  Pit  swept  over  it.  That  it  had  been  swept  by  a 
blast  was  apparent  to  any  unprejudiced  eye.  All  the  writer  had  to  say 
in  reply  to  Prof.  Merivale's  "flaw  in  the  indictment"  was  that  there  seemed 
strong  probabilities  that  the  received  views  as  to  the  quantity  of  dust 
necessary  to  cause  an  explosion  largely  needed  revision.  He  was  so  familiar 
with  the  ordinary  condition  of  the  mine  both  at  Seahara  and  Pochin  that 
there  was  not  much  room  for  mistake.  It  was  true  that  at  Pochin  dust 
might  have  been  raised  by  the  party  cutting  bottom  nearer  the  shaft, 
but  at  Seaham  in  1871  it  was  conclusively  shown  that  everything  was 
in  a  normal  condition.  Hutchinson,  who  went  towards  the  shaft,  must 
have  been  in  the  new  drift  some  time  before  the  shot  exploded,  for  it 
was  his  son  who  actually  lighted  it  up,  and  the  dust  raised  by  Hutchin- 
son himself  must  have  been  blown  past  the  shot  long  before  it  went  off, 
as  it  would  only  take  about  10  seconds  to  travel  from  the  furthest  point 
that  he  reached.  There  was  every  reason  to  suppose  that  in  1880  the 
facts  were  exactly  similar.  Therefore,  however  improbable  it  might 
appear,  the  writer  thought  it  best  to  face  the  facts  as  they  were,  and  it 
must  not  be  forgotten  that  the  possibility  of  a  coal-dust  explosion  had 
only  comparatively  recently  been  admitted.  This  leads  the  writer,  in 
reply  to  Mr.  W.  C.  Blackett  and  others,  to  say  that  in  his  opinion 
neither  at  Seaham  nor  at  Pochin  was  there  any  but  the  ordinary  quantity 
of  dust  present  in  the  air,  and  that  certainly  there  was  no  visible  cloud, 
still  less  a  cloud  that  could  not  be  seen  through.  One  of  the  reasons 
why  the  writer  quoted  Hutchinson's  evidence  was  because  he  was  so 
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strong  on  that  point.  Just  before  they  lit  up  the  shot  he  saw  a  gas-hght 
burning  at  the  new  engine-house,  more  than  150  yards  away,  and  the 
writer  would  again  like  to  emphasize  another  point  which  influenced 
his  opinions  so  largely,  viz.,  the  heavy  shots  at  Pochin.  Here,  there 
appeared  absolutely  no  dust  at  all ;  yet  how  else  account  for  the  miniature 
explosions,  even  admitting  the  constant  presence  in  the  faces  of  a  small 
percentage  of  gas  ?  The  reply  to  the  President's  remark  that  no  dust 
explosion  had  happened  in  a  colliery  where  gas  was  unknown  was  suffi- 
ciently obvious.  The  collieries  where  gas  was  absolutely  unknown  were 
shallow  in  depth,  low  in  temperature,  and  their  air  was  almost  invariably 
saturated  with  moisture,  while,  generally  speaking,  the  air-cuiTent  attained 
no  great  velocity,  and  thus  such  collieries  were  wanting  in  every  essential 
particular  requisite  to  produce  the  results  treated  of  by  the  writer.  This 
also  applied  to  Mr.  G.  E.  Markham's  objection  that  explosions  ought  to 
be  common  where  flaming  lights  were  used  on  engine-planes.  Something 
more  than  a  common  lamp  was  required,  and  the  shot  took  the  same  place 
with  regard  to  ignition  of  dust  that  the  percussion  cap  did  to  the  modern 
high  explosives — they  would  not  explode  without  it — flame  by  itself  was  no 
use.  And,  finally,  in  reply  to  the  same  gentleman's  enquiry  about  dust 
exploding  at  a  fm-nace,  as  a  general  rule  little  dust  reached  an  under- 
ground furnace,  but  at  bank,  at  Seaham  in  1876,  coal-dust  did  explode 
at  a  boiler  fire.* 

Since  writing  the  preceding  remarks,  the  writer  has  visited  Seaham 
Colliery,  on  July  25th  last,  accompanied  by  Mr.  Walton  Brown,  and 
obtamed  the  following  thermometrical  observations  in  No  1.  Pit,  Hutton 
Seam : — 


Point  of  Observation. 

Time  of 
Obser- 
vation. 

Distance  from  Shaft. 

Thermometer. 

Surface         

Pit  bottom 

Junction  of  Travelling  Way 
Third  East  Way  end 
Junction  of  Old  North  Way 
Polka  Curve,  point  A 
No.  3  Pit  Curve,  point  B  ... 

P.M. 

3-45 

4-5 

4-30 

5-0 

5-25 

5"55 

6-10 

400  yards  in-bye     . . . 
1,500  yards  iu-bye  ... 
2,800  yards  in-bye  ... 
880  yards  in-bye     . . . 
150  yards  from  shaft 

Wet. 

Dry. 

Differ- 
ence. 

Fahr. 

Degs. 

53i 

oSi 

60i 

G2 

64i 

601 

58i 

Fahr. 

Degs. 

571 

64i 

64^ 

65i 

69.1 

63 

64 

Fahr. 

Degs. 

4 

6 

4 

31 
5 

91 
-2 

51 

*  See  Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vol.  xxviii.  page  98. 
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From  these  experiments  it  will  be  seen  that,  as  stated  in  the  writer's 
piper,  the  degree  of  dryness  may  from  time  to  tim3  vary  very  considerably 
at  different  portions  of  the  mine,  and  that  nothing  short  of  actual  obser- 
vation on  the  night  in  question  would  enable  us  to  say  whether  the  air 
was,  or  was  not,  sufficiently  near  the  point  of  saturation  to  prevent  the 
further  progress  of  the  explosion.  And  the  writer  may  add  that  further 
consideration  of  Mr.  Hall's  objection  to  the  theory  that  but  a  short 
distince  of  wet  road  will  prevent  the  propagation  of  a  dust  explosion  has 
led  him  to  the  conclusion  that  we  are  merely  looking  at  opposite  sides  of 
the  shield.  He  is  referring  to  the  phenomena  presented  by  a  dust  explo- 
sion travel liag  outwards;  while  the  writer  is  referring  to  its  probable 
course  travelling  inwards.  No  doubt  an  explosion,  once  established, 
makes  for  the  shafts,  along  the  line  of  least  resistance  and  the  expansive 
force  of  the  inflamed  gases  will  drive  out,  at  a  great  velocity,  the  column 
of  air  between  the  seat  of  the  explosion  and  the  shafts  themselves,  carrying 
with  it  a  cloud  of  dust  which  will  doubtless  "  pioneer "  the  explosion 
itself,  as  Mr.  Hall  describes.  But  this  is  not  the  case  with  an  explosion 
travelling  in-bye.  Here  the  resemblance  to  the  explosion  of  powder  in  a 
gun  or  other  confined  space  entirely  ceases ;  for,  in  this  case,  the  gun 
has  no  l)reecli,  and  it  is  impossible  to  conceive  that  the  flame  will  be 
propagated  inwards  along  the  line  of  greatest  resistance  without  renewed 
supplies  of  force.  The  writer  hazards  the  explanation  that,  properly 
sjieaking,  an  explosion  does  not  travel  in  at  all  unless  fed  by  a  continuous 
supply  of  dry  dust,  forming,  as  it  were,  a  progressive  series  of  explosions, 
and  that  the  destructive  effects  of  a  dust  explosion  on  the  in-bye  side  of  the 
point  of  origin  are  produced  in  situ  by  the  sudden  violent  expansion  of 
the  products  of  combustion  and  not,  as  is  commonly  assumed,  by  a  rush 
of  air ;  for  the  natural  resilience  of  the  column  of  air  confined  in  the 
workings  is  so  great  that,  failing  such  almost  continuous  suppHes  of 
explosive  material,  the  advancing  wave  of  flame  would  not  travel  many 
feet.  Few  people  can  witness  an  explosion  such  as  those  under  discussion 
and  survive  to  describe  it,  but  explosions  have  been  observed  to  die  out, 
one,  the  writer  believes,  occurred  at  Mardy  Colliery  some  six  or  seven 
years  back.  But  all  experience  tends  to  show  that,  in  dust  explosions 
going  out-bye,  the  effect  is  as  of  powder  in  an  enclosed  chamber,  while 
going  in-bye,  it  more  resembles  the  firing  of  a  continuous  train.  In  this 
respect  essentially  differing  from  a  gas  explosion,  which  apparently  travels 
against  the  air,  taking  the  line  of  greatest  resistance. 


Prof.  Garnett  then  read  the  following  paper  on  "The   Electric 
Transmission  of  Power  and  its  Analogies  in  Hydraulics"  : — 
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THE  ELECTRIC  TRANSMISSION  OF  POWER  AND  ITS 
ANALOGIES  IN  HYDRAULICS. 


By  W.  GARNETT. 


When  power  is  transmitted  by  means  of  water  the  plant  required 
comprises : — 

1.  A  steam  engine  or  some  other  source  of  energy. 

2.  A  pump  or  set  of  pumps  driven  by  the  engine,  and  delivering 

a  certain  quantity  of  water  per  minute  at  a  certain  pressure 
measurable  in  pounds  per  s(][uare  inch. 

3.  A  passage  through  which  the  water  may  pass  under  the  pressure 

of  the  pumps  to  the  point  at  which  the;  power  is  required 
(the  interior  of  a  pipe). 

4.  Walls  of  sufficient  strength  to  prevent  the  water  from  leaving 

the  passage  designed  for  it  and  thus  wasting  the  power. 

5.  A  motor  by  means  of  which  a  portion  of  the  work  done  by  the 

pumps  upon  the  water  may  be  transformed  into  the  work 
for  which  the  power  is  required.  In  some  cases  the  pumps 
and  the  motor  may  be  precisely  similar  and  interchangeable. 
In  others  the  design  and  speed  of  running  may  be  very 
different,  but  if  there  is  no  leakage  from  the  pipes,  precisely 
the  same  amount  of  water  must  pass  through  both  motor  and 
pumps. 

6.  A  return  conduit  to  bring  the  exhaust  or  waste  water  back  to 

the  pumps,  unless  an  inexhaustible  supply  of  water  is  avail- 
able in  the  neighbourhood  of  the  pumps  at  less  cost  than  the 
return  conduit.  Even  in  this  case  the  water  will  ultimately 
be  returned  to  the  pumps  by  natural  agencies  if  the  system 
works  for  an  unlimited  time.  The  return  conductor  may  be 
an  open  channel,  for  the  water  need  not  necessarily  be  under 
a  greater  pressure  than  that  of  the  atmosphere. 

A.  The  work  done  by  the  pumps  upon  the  water  will  be  the  product 
of  the  volume  of  water  delivered  and  the  increase  of  pressure  to  which  it 
is  subjected.  This  will  be  less  than  the  work  done  by  the  engine  on  the 
pumps  by  the  amount  dissipated  through  the  fi-ictional  resistance  of 
the  pumps  themselves,  and  through  the  eddies  or  churning  action  pro- 
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diiced  in  the  water  as  it  passes  through  the  pumps.  The  energy  cari-ied 
away  by  the  stream  of  water  issuing  from  the  pumps  is  the  product  of 
tlie  total  vohime  of  water  and  the  pressure  to  which  it  is  subjected. 
Hence  the  power  leaving  the  pumps  is  the  product  of  the  current,  or 
vohirae  of  water  passing  per  unit  of  time,  and  the  pressure.  If  the 
current  is  measured  in  cubic  feet  per  second  and  the  pressure  in  pounds 
per  square  foot  the  product  will  be  foot-pounds  per  second,  and  the 
horse-power  will  be  obtained  by  dividing  this  product  by  550. 

B.  If  the  pipe  is  perfectly  watertight,  as  soon  as  the  motion  has 
become  steady  the  quantity  of  water  reaching  the  motor  per  second  will 
be  precisely  equal  to  that  leaving  the  pumps,  but  the  pressure  will  be 
diminished  on  account  of  the  resistance  of  the  pipe.  The  difference  in 
pressure  will  be  the  amount  necessary  to  maintain  the  current  through 
the  pipe  ;  for  the  same  current  it  will  vary  approximately  as  the  inverse 
fifth  power  of  the  diameter  of  the  pipe  and  directly  as  its  length,  and 
for  different  currents  approximately  as  the  square  of  the  current.  •  If 
there  is  a  return  pipe  there  will  be  a  back  pressure  on  the  exhaust  of  the 
motor  sufficient  to  maintain  the  current  in  this  return,  and  this  will 
still  further  diminish  the  work  done  on  the  motor. 

G.  On  account  of  the  resistance  of  the  pipes,  and  the  eddies  produced  in 
the  water  as  it  passes  through  the  motor,  the  work  done  upon  the  motor 
by  the  water  will  be  less  than  the  energy  communicated  to  the  stream 
by  the  pumps.  The  work  done  by  the  motor  on  its  external  load  will 
be  still  further  diminished  by  the  friction  of  the  solid  parts  of  the  motor. 

D.  For  most  practical  pui-poses  water  may  be  regarded  as  incompressible. 
"When  the  pumps  are  first  started  the  inertia  of  the  water  in  the  circuit 
will  prevent  the  full  speed  being  suddenly  attained  (even  if  the  mass 
of  the  plungers  and  moving  parts  of  the  motor  be  negligible),  and  the 
motion  of  the  system  will  be  gradually  accelerated  until  it  reaches  its 
steady  condition. 

E.  The  first  effect  of  the  increase  of  pressure  caused  by  the  action  of 
the  pumps  will  be  to  stretch  the  walls  of  the  pipe,  and  increase  the 
charge  of  water  within  it.  If  the  limit  of  elasticity  is  not  passed  the 
increase  of  the  volume  of  the  pipe  will  be  proportional  to  the  pressure 
and  to  the  extensibility  of  the  metal.  The  increased  charge  of  water 
in  the  pipe  will  remain  as  long  as  the  pressure  is  maintained.  As  soon 
as  the  pressure  is  released  the  pipe  will  contract  to  its  former  section, 
and  the  extra  charge  of  water  will  be  expelled. 

F.  If  the  pressure  be  increased  beyond  the  bursting  strength  of  the 
pipe  the  water  will  escape,  and  the  system  will  be  permanently  injured. 
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G.  In  order  to  determine  the  power  absorbed  in  any  section  of  the 
circuit  it  will  be  sufficient  to  measure  the  quantity  of  water  flowing  per 
second  past  any  point  of  the  circuit  (for  if  there  be  no  leakage  the 
current  will  be  the  same  throughout  when  the  flow  has  become  steady), 
and  to  determine  the  difference  between  the  pressure  of  the  water  at 
the  beginning  and  end  of  the  section.  The  product  of  the  current  and 
the  difference  of  pressure  gives  the  power.  If  we  take  the  quotient 
obtained  by  dividing  the  difference  of  pressure  by  the  square  of  the 
current,  we  have  a  quantity  which  indicates  the  resistance  of  the  section 
considered  to  the  passage  of  the  water,  provided  that  the  section  consists 
of  pipe  only,  and  contains  neither  motor  nor  pump. 

H.  The  strength  of  the  current  might  be  measured  by  any  convenient 
water-meter,  such  as  a  small  turbine,  but  perhaps  the  simplest  arrangement 
would  be  a  small  body  placed  in  the  middle  of  the  stream  and  prevented 
from  being  carried  along  with  it  by  an  extensible  cord  or  spring.  The 
extension  of  the  cord  will  indicate  the  force  exerted  on  the  body  by  the 
stream,  and  from  it  the  velocity  of  the  stream  may  be  deduced.  The 
meter  need  exert  but  an  infinitesimal  resistance  to  the  passage  of  the 
water,  and  it  must  be  placed  in  the  full  stream. 

/.  To  measure  the  difference  of  pressure  between  any  two  points  a  small 
spring-gauge  may  be  employed,  one  side  of  the  piston  being  connected  to 
one  point  and  one  to  the  other.  Or  ordinary  pressure-gauges  may  be 
employed  at  each  point  to  register  the  difference  between  the  pressure  of 
the  water  and  that  of  the  air,  and  the  difference  between  the  two  registra- 
tions gives  the  difference  of  pressure  required.  In  these  cases  a  small 
amount  of  water  enters  the  gauge  to  produce  the  indication,  but  no 
current  passes  through  it,  and  there  is  no  loss  of  water  or  of  power 
involved  in  keeping  the  gauge  permanently  in  communication  with  the 
water. 

K.  Another  mode  of  measuring  the  pressure  is  to  employ  a  medium 
through  which  water  will  flow,  but  which  offers  very  great  resistance  to 
its  passage.  A  Pasteur  filter  would  serve  the  purpose.  In  this  case  there 
is  a  continuous  flow*  of  water  through  the  gauge,  with  a  corresponding 
loss  of  power,  but  by  making  the  resistance  sufficiently  great  this  loss 
may  be  made  as  small  as  we  please.  The  pressure  is  then  determined  by 
measuring  the  quantity  of  water  that  escapes  in  a  given  time.  Provided 
that  the  balance  or  other  measuring  instrument  used  is  sufficiently 
delicate,  the  resistance  of  the  gauge  may  be  made  very  great,  and  the 
loss  of  water  and  of  power  involved  may  be  made  correspondingly 
small. 
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L.  A  compound  instrument  which  directly  recorded  the  product  of  the 
current  and  the  difference  of  pressure  between  two  points  of  the  circuit 
would  be  a  power-meter,  and  an  instrument  which  integrated  this  pro- 
duct with  respect  to  the  time  would  be  an  energy-meter  or  work-meter. 
We  have  such  an  instrument  in  the  integrating  steam-engine  indicator. 

M.  If  the  water  exhausted  from  the  motor  is  brought  back  to  the 
pumps  by  a  pipe  it  will  experience  resistance  to  its  flow,  and  there  will  be 
a  corresponding  back  pressure  in  the  motor.  The  resistance  of  the  return 
pipe  will  then  have  to  be  taken  into  account  with  the  other  resistances  in 
the  circuit  in  estimating  the  efficiency  of  the  system,  but  the  walls  of  the 
return  pipe  may  be  very  thin  as  compared  with  those  of  the  flow. 

N.  It  has  been  stated  that  the  power  transmitted  by  the  pumps  is  repre- 
sented by  the  product  of  the  quantity  of  water  discharged  per  unit  of 
time  and  the  pressure  to  which  it  has  been  raised.  Hence  for  the  same 
power  the  current  varies  inversely  as  the  pressure,  and  a  very  few  cubic 
feet  of  water  per  minute  will  transmit  a  very  great  amount  of  power  if 
the  pressure  be  sufficient.  The  loss  of  power  in  the  pipes  increases  very 
rapidly  with  increase  of  current  (approximately  as  the  cube  of  the 
current)  unless  the  diameter  of  the  pipes  be  increased.  Hence,  when 
hydraulic  transmission  of  power  is  required  over  a  very  great  distance  it 
is  economical  to  use  very  great  pressure  and  small  currents,  with 
correspondingly  small  but  strong  pumps,  motor,  and  pipes.  If  a  low- 
pressure  system  is  attempted,  either  the  efficiency  is  very  small  on  account 
of  the  losses  of  power  in  the  pipes  or  a  very  great  capital  outlay  must  be 
incurred  in  large  pipes  to  avoid  this  loss. 

0.  As  far  as  the  hydraulic  part  of  the  system  is  concerned,  the  efficiency 
will  be  measured  by  the  ratio  of  the  pressure  absorbed  in  the  motor  to 
that  developed  in  the  pumps.  The  commercial  efficiency  will  be  less  than 
this  on  account  of  the  losses  due  to  the  solid  portions  of  the  machinery, 
such  as  the  friction  of  pistons,  valves,  bearings,  etc.,  and  of  any  gearing 
which  may  be  employed.  In  long-distance  transmission  the  chief  source 
of  loss  will  be  the  resistance  of  the  pipes,  but  the  resistance  of  the  valves 
and  waterways  in  the  pumps  and  motor  must  not  be  ignored. 

All  the  points  above  cited  in  connexion  with  hydraulic  transmission 
of  power  have  more  or  less  close  analogies  in  the  electric  transmission, 
but  in  the  latter  case  numerical  calculations  are  much  simpler  on  account 
of  the  great  simplicity  of  the  fundamental  laws  of  electrical  action. 

A  plant  for  the  transmission  of  power  by  electricity  necessitates  :— 
1.  A  steam  engine  or  other  source  of  energy. 
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2.  A   dynamo   driven   by    the   engine   and   delivering   a    certain 

quantity  of  electricity  per  second  at  a  certain  pressure 
measurable  in  volts. 

3.  A  passage  through  which  the  electricity  may  pass  under  the 

pressure  caused  by  the  dynamo  to  the  point  at  which  the 
power  is  to  be  applied.  The  passage  is  usually  a  conductor  of 
copper. 
•4.  Walls  of  sufficient  strength  around  the  conductor  to  prevent  the 
electricity  from  escaping  and  thus  wasting  the  power.  The 
material  employed  for  this  purpose,  or  the  insulator,  may  be 
india-rubber,  gutta-percha,  mineral  oil,  paper  soaked  in  oil, 
bituminous  substances,  or  simply  air,  but  in  the  latter  case 
special  iusnlating  supports  must  be  employed  for  the  con- 
ductor. 

5.  A  motor  by  means  of  which  a  portion  of  the  work  done  through 

the  dynamo  in  maintaining  the  current  may  be  transformed 
into  the  work  for  which  the  power  is  required.  In  some  cases 
the  dynamo  and  motor  are  precisely  similar  and  interchange- 
able. In  others  the  design  and  speed  of  running  are  very 
ditlerent,  but  if  there  is  no  leakage  from  the  conductors, 
precisely  the  same  amount  of  electricity  must  pass  through 
both  motor  and  dynamo. 

6.  A  return  conduit  to  bring  the  current  back  from  the  motor  to 

the  dynamo,  unless  a  good  connexion  can  be  made  to  the  earth 

at  each  end  of  the  line,  when  the  earth  may  be  regarded  as  a 

return  conductor.     When  a  return  conductor  is  used  it  need 

not  necessarily  be  insulated  like  the  flow.     If  we  prefer  to 

regard  the  earth  as  an  inexhaustible  source  of  electricity,  from 

which  the  dynamo  may  draw  its  supply  and  into  which  the 

motor  may  pour  its  waste,  its  functions  will  still  be  those  of  a 

conductor,  and  there  w"ill  be  a  steady  flow  through  the  eartli 

from  the  point  of  delivery  of  the  motor  to  the  point  from 

which  the  dynamo  draws  its  supply,  the  stream  lines  being 

those  of  an  incompressible  fluid. 

A.  The  work  done  by  the  dynamo  in  maintaining  the  current  outside 

itself  will  be  the  product  of  the  quantity  of  electricity  passing  round  the 

circuit  and  the  increase  of  pressure  (or  potential)  to  which  it  is  subjected. 

This  will  be  less  than  the  work  done  by  the  engine  on  the  dynamo  by 

the  amount  dissipated  through  the  frictioual  resistance  of  the  moving 

parts  of  the  dynamo,  through  the  resistance  of  the  conductors  in  the 
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dynamo  itself  to  the  passage  of  the  current,  through  eddy  currents  set  up 
in  these  conductors,  and  through  the  constant  reversal  of  the  magnetism 
of  the  iron  in  the  armature.  The  energy  carried  away  by  the  current 
issuing  from  the  dynamo  is  the  product  of  the  total  quantity  of  electricity 
passing  and  the  pressure  to  which  it  is  subjected.  Hence,  the  power 
leaving  the  dynamo  is  the  product  of  the  current  and  the  pressure.  If 
the  current  is  measured  in  amperes  and  the  pressure  in  volts,  the  product 
will  give  the  power  in  watts  and  the  horse-power  will  be  obtained  by 
dividing  this  product  by  746. 

The  volt  is  very  nearly  equal  to  the  electromotive  force  of  a  Daniell 
cell.  A  bichromate  cell  gives  about  2  volts.  An  ordinary  accumulator, 
or  storage  cell,  produces  about  2  volts,  though  it  requires  about  2^  volts 
to  charge  it  fully.  An  ordinary  arc  lamp  requires  50  volts,  aud  100 
volts  form  a  favourite  pressure  for  incandescent  lamps.  A  pressure  of 
800  volts,  in  the  case  of  a  continuous  current,  is  regarded  as  the  highest 
pressure  which  is  absolutely  free  from  danger  to  life. 

An  ordinary  Brush  arc  lamp  takes  a  current  of  10  amperes,  a 
Thomson-Houston  arc  lamp  about  6  amperes  ;  a  16  candle-power  incan- 
descent lamp,  constructed  for  60  volts  pressure  takes  about  1  ampere,  and 
a  16-candle  100  volt-lamp  takes  "6  ampere. 

It  will  be  inferred  from  what  has  been  stated  above  that  a  watt  is  a 
unit  of  power  bearing  a  definite  relation  to  a  horse-power,  and  that 
1  horse-power  is  equal  to  about  746  watts. 

B.  If  the  insulation  of  the  conductor  is  perfect,  as  soon  as  the  motion 
has  become  "  steady  "  the  quantity  of  electricity  reaching  the  motor  per 
second  will  be  precisely  equal  to  that  leaving  the  dynamo,  but  the 
pressure  will  be  diminished  on  account  of  the  resistance  of  the  conductor. 
The  difference  in  pressure  will  be  the  amount  necessary  to  maintain  the 
current  in  the  conductor.  For  the  same  current  it  will  vary  inversely  as 
the  sectional  area  of  the  conductor  and  directly  as  its  lenath.  For 
different  currents  it  will  vary  directly  as  the  strength  of  the  current, 
according  to  Ohm's  Law.  There  will  be  a  back  pressure  on  the  exhaust 
of  the  motor  sufficient  to  maintain  the  current  in  the  returu  conductor, 
and  this  will  still  further  diminish  the  work  done  on  the  motor. 

C.  On  account  of  the  resistance  of  the  leads  and  of  the  conductors  in  tuQ 
motor  itself,  and  on  account  of  eddy  currents  generated  in  the  motor  and 
opposing  the  motion,  the  work  done  by  the  current  in  driving  the  motor 
will  be  less  than  the  energy  communicated  to  the  current  by  the  dynamo. 
The  work  done  by  the  motor  on  its  external  load  will  be  still  farther 
diminished  by  the  mechanical  friction  of  its  moving  parts. 
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D.  Electricity  may  be  regarded  as  au  absolutely  incompressible  fluid. 
When  the  dynamo  is  first  started,  the  "self-induction"  of  the  system 
will  prevent  the  current  from  suddenly  attaining  its  permanent  strength. 
Self-induction  is  of  the  nature  of  inertia,  but  it  is  not  the  inertia  of  the 
moving  electricity ;  it  is  the  inertia  possessed  by  the  medium  through  which 
the  current  flows  and  which  sm'rounds  the  current,  and  it  is  the  motion 
of  this  medium,  caused  by  the  current,  which  constitutes  magnetism  in 
the  surrounding  field,  and  to  which  the  energy  of  the  system  is  due. 
The  electric  motor  differs  from  a  water  motor  in  this  respect : — the  faster 
the  motor  runs  the  greater  is  the  back  pressure  which  it  exerts  against 
the  dynamo,  and  the  smaller  is  the  current  which  it  receives.  The  reverse 
is  the  case  with  the  water  motor. 

E.  The  first  eflect  of  the  increase  of  pressure  caused  by  the  running  of 
the  dynamo,  will  be  to  force  a  charge  of  electricity  into  the  metal  con- 
ductor causing  a  corresponding  amount  to  appear  as  a  static  charge  upon 
its  surface,  thereby  straining  the  insulator  which  surrounds  it.  The 
amount  of  this  charge  at  any  point  will  be  proportional  to  the  pressure, 
and,  in  the  case  of  submerged  cables,  to  the  dielectric  capacity  of  the 
insulator.  The  statical  charge  of  electricity  on  the  conductor  will  remain 
as  long  as  the  pressure  is  maintained.  As  soon  as  the  pressure  is 
released,  the  elastic  strain  of  the  insulator  will  be  relieved  and  the 
statical  charge  will  be  expelled. 

F.  If  the  pressure  be  increased  beyond  the  "  electric  strength  "  of  the 
insulator  the  latter  will  be  broken  down  by  a  disruptive  discharge,  and 
the  system  will  be  permanently  injured. 

G.  In  order  to  determine  the  power  absorbed  in  any  section  of  the  circuit 
it  will  be  sufficient  to  measure  the  current  flowing  past  any  point  of  the 
circuit,  for  if  there  be  no  leakage  the  cm'rent  will  be  the  same  throughout 
when  the  flow  has  become  steady,  and  to  determine  the  difference  between 
the  electrical  pressures  (potential  difference)  at  the  beginning  and  end  of 
the  section.  The  product  of  the  current  in  amperes  and  the  difference 
of  the  pressure  in  volts  gives  the  power  in  watts.  If  we  take  the 
quotient  obtained  by  dividing  the  difference  of  pressure  in  volts  by  the 
current  in  amperes,  we  obtain  the  resistance  of  the  section  of  the  circuit 
in  ohms,  provided  that  the  section  do  not  contain  the  motor  or  dynamo. 

H.  The  strength  of  the  current  may  be  measured  by  means  of  any 
convenient  ampere-meter  or  galvanometer.  The  simplest  instrument  for 
the  purpose  is  a  compass  needle  placed  near  the  conductor,  which,  for  the 
purpose,  should  be  in  the  plane  of  the  magnetic  meridian.  The  tangent 
of  the  angle  through  which  the  compass  needle  is  deflected  will  then  be 
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proportional  to  the  current.  Some  forms  of  ampere-meters  will  be 
referred  to  presently,  but  whatever  meter  is  used,  the  conductor  of  the 
instrument  must  generally  be  made  a  part  of  the  main  circuit  so  that  the 
whole  current  passes  through  it,  and  for  this  purpose  its  resistance  should 
be  sufficiently  small  to  produce  no  sensible  addition  to  the  resistance  of  the 
circuit.  Occasionally  the  ampere-meter  is  arranged  to  measure  a  known 
fraction  of  the  current  only. 

J.  To  measure  the  difference  of  pressure  between  any  two  points,  an 
electrometer  may  be  employed,  one  of  its  electrodes  being  connected  to 
each  point.  Or  an  electrometer  may  be  used  to  measure  the  potential 
difference  between  each  point  and  the  earth,  when  the  difference  of  the 
two  measures  will  be  the  potential  difference  required.  In  these  cases  a 
small  amount  of  electricity  enters  the  instrument  to  produce  the  indica- 
tion, but  no  current  passes  through  it,  and  there  is  no  loss  of  electricity 
or  of  power  involved  in  keeping  the  gauge  permanently  in  connexion 
with  the  circuit. 

K.  Another  mode  of  measuring  the  pressure  is  to  employ  an  instrument 
through  which  a  current  will  flow,  but  which  offers  very  great  resistance 
to  its  passage.  In  this  case  there  is  a  continual  flow  through  the 
instrument,  with  a  corresponding  loss  of  power,  if  one  electrode  be  connected 
to  earth  or  to  the  return  circuit,  but  by  making  the  resistance  sufficiently 
great,  this  loss  may  be  made  as  small  as  we  please.  The  pressure  is 
determined  by  measuring  the  current  through  the  instrument.  Provided 
the  recording  portion  of  the  apparatus  be  sufficiently  delicate  the 
resistance  of  the  coils  may  be  made  very  great,  and  the  loss  of  electricity 
and  of  power  involved  may  be  made  correspondingly  small.  Instruments 
of  this  class  are  generally  called  volt-meters. 

L.  A  compound  instrument  which  directly  records  the  product  of  the 
current,  and  the  difference  of  pressure  between  two  points  of  the  circuit, 
is  a  power-meter,  or  watt-meter,  and  an  instrument  which  integrates  this 
product  with  respect  to  the  time  is  au  energy-meter.  A  watt-meter 
contains  two  coils:  one  of  very  small  resistance,  to  carry  the  whole  current 
in  the  circuit;  the  other  of  very  great  resistance,  to  carry  a  small  current 
proportional  to  the  potential  difference  between  the  points  to  which  its 
terminals  are  connected.  The  mechanical  force  between  these  two  coils 
will  be  proportional  to  the  product  of  the  currents  passing  in  them,  and 
therefore  to  the  product  of  the  current  in  the  circuit,  and  the  potential 
difference  between  the  terminals  of  the  high-resistance  coil,  that  is,  to  the 
power  absorbed  or  developed  in  the  section. 

J/.  The  resistance  of  the  return  conductor  from  the  motor  to  the 
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dynamo  will  have  to  be  taken  into  account  in  estimating  the  efficiency  of 
the  system,  whether  a  metallic  conductor  be  used  or  the  earth  be  employed 
for  the  return.  In  the  former  case  the  insulation  of  the  conductor  may 
be  very  thin  as  compared  with  that  of  the  conductor  used  for  the  flow, 
or  the  insulation  may  be  omitted  altogether,  in  which  case  the  earth  will 
carry  a  part  of  the  return  current.  When  the  earth  is  used  as  a  return 
conductor  we  may  regard  it  as  containing  a  practically  infinite  amount 
of  the  incompressible  electric  fluid  from  which  the  dynamo  draws  its 
supply  and  into  which  the  motor  turns  its  exhaust,  but  between  the  outfall 
and  the  intake  a  definite  series  of  stream  lines  exist  in  which  the  motion 
fulfils  all  the  conditions  for  the  continuity  of  an  incompressible  fluid. 
When  a  number  of  electric  systems  are  using  the  earth  as  a  common 
return  the  actual  stream  lines  are  the  resultant  of  all  the  separate 
systems. 

iV.  It  has  been  stated  that  the  power  transmitted  by  the  dynamo  is 
represented  by  the  product  of  the  current  (amperes)  and  the  pressure 
(volts)  to  which  it  has  been  raised.  Hence,  for  the  same  power,  the  current 
varies  inversely  as  the  pressure,  and  a  very  few  amperes  will  transmit  a 
very  great  amount  of  power  if  the  volts  be  sufficiently  high.  The  loss  of 
power  in  the  conductors  increases  as  the  square  of  the  current  if  the 
sectional  area  is  kept  constant  and  the  conductors  are  not  appreciably 
heated.  (The  increase  of  temperature  caused  by  the  energy  dissipated 
still  fm'ther  increases  the  loss.)  Hence,  when  electric  transmission  of 
power  is  required  over  very  great  distances,  it  is  economical  to  use  very 
great  pressures  and  small  currents  with  conductors  of  correspondingly 
smaU  sectional  area,  but  very  strongly  insulated.  If  a  low-pressure 
system  is  attempted,  either  the  efficiency  is  very  small  on  account  of  the 
loss  of  power  in  the  conductors,  or  a  very  great  capital  outlay  must  be 
incurred  in  large  mains  to  avoid  this  loss.  For  a  given  percentage  of 
loss  the  weight  of  copper  in  the  mains  will  vary  inversely  as  the  square 
of  the  pressure  between  the  terminals  of  the  motor,  the  power  developed 
by  the  motor  being  supposed  constant. 

0.  As  far  as  the  purely  electrical  portion  of  the  system  is  concerned  the 
(electrical)  efficiency  will  be  measured  by  the  ratio  of  the  back  pressure 
produced  by  the  running  of  the  motor  to  that  developed  in  the  dynamo 
(the  current  being  the  same  in  both).  The  commercial  efficiency  will  be 
less  than  this  on  account  of  the  mechanical  friction  of  the  machinery,  and 
the  power  absorbed  in  reversing  the  magnetization  of  any  iron  contained 
in  the  armatures  of  the  dynamo  and  moto]-,  and  in  the  generation  of  eddy 
currents  in  the  moving  masses  of  metal.     In  long-distance  transmission 
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the  chief  source  of  loss  will  be  the  resistance  of  the  leads  (and  in  some 
cases  their  leakage),  but  the  internal  resistance  of  the  dynamo  and  motor 
must  not  be  ignored. 

Suppose,  for  the  sake  of  a  numerical  example,  that  it  is  required  to 
transmit  50  horse-power  to  a  distance  of  1  mile,  and  that  the  motor  is  con- 
structed for  100  volts.  The  current  which  at  100  volts  corresponds  to  50 
horse-power  will  be  373  amperes,  but  supposing  the  efficiency  of  the  motor 
to  be  only  90  per  cent.,  then  414*41:  amperes  will  be  required.  In  copper 
conductors  of  good  quahty  there  is  a  loss  of  1  volt  for  about  every  40  yards 
if  the  current  density  be  1,000  amperes  per  square  inch  of  sectional  area. 
For  other  densities,  the  loss  varies  directly  as  the  density  if  the  temperature 
be  not  raised.  For  the  current  of  414*44  amperes  transmitted  at  1,000 
amperes  per  square  inch  a  conductor  with  a  sectioual  area  of  '414 
square  inch  will  be  required,  and  2  miles  of  this  conductor  will  involve 
a  loss  of  pressure  of  88  volts.  Hence  the  output  of  the  dynamo  must  be 
414"44  amperes  at  188  volts  or  77,915  watts,  and  if  we  suppose  the 
efficiency  of  the  dynamo  to  be  94  per  cent,  the  mechanical  power  trans- 
mitted to  the  dynamo  will  have  to  be  82,888  watts  or  111"1  horse-power. 
The  commercial  efficiency  of  the  system  will  therefore  be  45  per  cent., 
and  the  weight  of  copper  in  the  mains  will  be  7*6  tons. 

If  we  suppose  the  same  power  to  be  transmitted  to  a  motor  constructed 
for  1,000  volts,  while  its  efficiency  and  that  of  the  dynamo  is  the  same 
as  in  the  previous  example,  we  have  41*444  amperes  for  the  current 
required,  and  retaining  the  same  current  density  in  the  leads  the  sectional 
area  of  the  conductors  will  have  to  be  only  *0414  square  inch  and  the 
weight  of  copper  only  *7G  ton.  There  will  still  be  a  loss  of  88  volts 
in  the  leads,  but  this  is  only  88  added  to  1,000  instead  of  88  added  to 
100,  and  the  dynamo  will  have  to  supply  a  current  of  41*444  amperes 
at  1,088  volts,  so  that  its  output  will  be  45,087  watts,  and  the  power 
required  from  the  engine  will  be  47,965  watts  or  G4*3  horse-power.  The 
commercial  ethcieucy  in  this  case  is  77*75  per  cent.  The  loss  in  the 
mains  is  now  reduced  to  4*88  horse-power,  while  in  the  former  case  it 
was  48*8  horse-power,  or  just  ten  times  as  much,  and  the  weight  of 
copper  is  also  reduced  to  one-tenth. 

By  employing  higher  pressures  the  amount  of  copper  may  be  still 
further  reduced  without  loss  of  efficiency,  or  the  efficiency  may  be 
increased  with  the  same  weight  of  copper.  Increased  pressure,  however, 
necessitates  more  expense  in  the  insulation  of  the  conductors  as  well  as 
in  the  construction  of  the  dynamo  and  motor. 
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When  the  pressure  much  exceeds  1,000  volts,  difficulties  arise  with 
the  commutators  of  ordinary  continuous-current  motors,  and  where 
power  has  to  be  transmitted  to  very  great  distances,  it  is  found  economical 
to  employ  alternating  currents  which  may  be  transformed  up  to  a  very 
high  pressure,  say  20,000  or  30,000  vults,  for  transmission  through  the 
mains  and  transformed  down  again,  where  the  power  is  required,  to  a 
pressure  suitable  for  the  motor.  As  alternating-current  motors  are  not 
at  present  in  common  use  in  mines  it  is  not  proposed,  in  the  present 
paper,  to  discuss  them  or  the  various  types  of  transformers  for  alternating 
currents.  In  principle  the  transformer,  or  converter,  is  the  same  as  the 
hydraulic  intensifier. 

A  conductor  requires  to  be  protected  against  electrical  leakage  by 
suitable  insulation,  against  chemical  action  either  upon  the  insulator  or 
the  copper,  and  against  mechanical  injury.  The  most  common  insulating 
material  for  high-class  cables  is  vulcanized  indiarubber.  In  the  best 
rubber-insulated  cables  the  wires  forming  the  strand  of  the  cable  are 
tinned,  and  the  strand  is  first  covered  with  a  thin  layer  of  pure  rubber 
(free  from  sulphur),  and  then  with  vulcanized  rubber  to  a  suitable  thick- 
ness. This  is  generally  braided,  and  if  the  cable  is  to  be  exposed  to  rough 
usage,  afterwards  covered  with  specially  prepared  tape  and  coated  with 
a  waterproof  composition.  For  drawing  into  iron  pipes  or  for  other 
protected  situations  no  further  covering  is  necessary,  but  if  the  cables  are 
to  be  buried  they  are  armoured  with  steel  wires  like  the  shore  end  of  a 
submarine  cable.  An  insulation  of  very  high  resistance  and  great  electric 
strength  is  now  made  by  the  British  Insulated  Wire  Company,  who 
employ  a  strong  fibrous  paper  soaked  in  resin  oil,  cut  into  strips,  and 
lapped  on  the  conductor  to  the  requisite  thickness,  the  whole  being 
covered  with  lead  in  a  lead  press.  Specimens  of  these  cables  and  of 
cables  insulated  with  indiarubber  are  placed  on  the  table. 

If  iron  be  used  in  place  of  copper  the  sectional  area  of  the  conductor 
must  be  increased  in  proportion  to  the  specific  resistance  of  the  material. 
The  resistance  of  very  soft  iron  is  between  six  and  seven  times  that  of 
standard  copper,  and  therefore  if  the  loss  in  the  mains  is  not  to  be 
increased  the  sectional  area  of  a  soft  iron  conductor  will  have  to  be 
between  six  and  seven  times  that  of  a  copper  conductor  for  the  same 
current,  and  its  weight  will  be  between  five  and  six  times  that  of  the 
copper.  Hence,  if  bare  metal  is  employed,  the  cost  of  the  iron  is  not 
very  difierent  from  that  of  the  copper  at  the  works,  while  the  cost  of 
carriage  and  of  laying  is  considerably  greater.  The  trouble  of  jointing 
is  also  very  much  greater  with  iron  than  with  copper.     If  the  cables  have 
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to  be  insulated  the  cost  of  insulating  the  iron  will  exceed  the  cost  of  the 
copper  cable  complete.  The  resistance  of  high  steel  is  much  greater  than 
that  of  iron,  and  this  material  is  quite  unsuitable  for  electric  conductors. 
Iron  conductors  should  never  be  used  for  alternating  currents. 

From  what  has  been  stated,  it  will  be  seen  that  simultaneous  readings 
of  the  ampere-meter  and  the  volt- meter  will  enable  the  power  absorbed 
in  any  portion  of  the  circuit  and  the  resistance  of  that  portion  to  be  at 
once  determined,  the  power  being  given  in  watts  by  the  product  of  the 
two  readings,  the  resistance  in  ohms  by  the  quotient  of  the  volts  divided 
by  the  amperes — provided  that  no  source  of  potential  difference,  such  as  a 
dynamo  or  motor,  be  contained  in  the  section  of  the  circuit  between  the 
terminals  of  the  volt-meter.  It  has  also  been  pointed  out  that  the 
ampere-meter  must  be  placed  in  the  main  circuit  so  as  to  carry  the  whole 
current,  while  the  volt-meter  must  be  placed  as  a  shunt  betweeu  the  points 
the  potential  difference  of  which  is  to  be  determined.  The  recording 
portion  of  the  ampere-meter  and  the  volt-meter  may  be  precisely  similar, 
the  instruments  differing  only  in  the  length  and  resistance  of  the  wire 
forming  the  coil  through  which  the  current  passes.  The  product  of  the 
current  in  amperes,  and  the  number  of  times  it  passes  round  the  recording 
apparatus,  is  called  the  ampere  turns,  and  provided  the  number  of 
ampere  turns  is  the  same  and  the  coil  of  the  same  size,  the  same  recording 
apparatus  will  make  the  same  indication  whether  the  current  be  great  or 
small.  Thus  a  current  of  1,000  amperes  in  a  half-turn  of  a  copper  bar  of 
^  square  inch  section  will  produce  the  same  indication  as  a  current  of 
10  amperes  flowing  in  50  turns  of  No.  11  wire,  or  a  current  of  1 
ampere  in  500  turns  of  No.  20  wire,  or  yV  ampere  in  5,000  turns  of  No.  30 
wire. 

The  current  in  the  coil  of  an  ampere-meter  or  volt-meter  may  be  used 
to  deflect  a  small  permanent  steel  magnet  which,  when  there  is  no  current 
in  the  coil,  is  held  with  its  axis  at  right  angles  to  thut  of  the  coil  by  the 
action  of  a  steel  horseshoe  magnet.  When  the  coil  is  very  large  indeed 
compared  with  the  swinging  magnet,  and  the  earth  takes  the  place  of  the 
horseshoe  magnet,  the  instrument  becomes  the  tangent  compass,  a  most 
valuable  standard  instrument,  but  in  this  form  it  requires  careful  adjust- 
ment in  the  magnetic  mi.'ridian  and  delicate  suspension  for  the  needle,  so 
that  it  is  unsuitable  for  workshop  use. 

In  the  Schukert  volt-meters  and  ampere-meters  a  very  thin 
sheet  of  iron,  suitably  bent,  is  suspended  inside  a  long  coil  of  wire 
whose  axis  is  horizontal,  the  suspension  being  near  the  top  of  the 
coil.     The  iron   becomes   magnetized   by    the   current,   and   is   drawn 
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upwards  towards  the  nearest  part  of  the  coil.  In  another  type  of 
instrument  the  coil  is  also  horizontal,  and  an  iron  wire  hangs 
parallel  to  the  axis  inside  the  coil  and  some  distance  below  the  centre. 
A  wide  bar  of  iron  is  j&xed  within  the  coil  in  such  a  position  that  the 
wire  lies  close  to  it  when  hanging  under  the  influence  of  its  weight  only. 
When  the  current  passes  both  the  wire  and  the  bar  become  magnetized, 
and  their  like  poles  being  near  together  they  repel  each  other,  and  the 
wire  is  forced  away  from  the  bar  in  opposition  to  its  weight. 

In  the  Ayrtou  and  Perry  instruments  a  small  cylinder  of  iron  is 
suspended  by  a  helical  spring,  made  of  a  flat  ribbon  of  steel,  near  the  top 
of  a  coil,  the  axis  of  which  is  vertical.  When  the  current  flows  in  the 
coil  the  cylinder  of  iron  becomes  magnetized,  and  is  drawn  into  the  coil, 
the  spring  becoming  stretched,  and  one  end  of  the  spring  being  fixed 
the  other  turns  through  an  angle  proportional  to  the  extension,  carrying 
with  it  the  recording  needle. 

In  the  Siemens  dynamometer  the  current  is  made  to  pass  through 
two  coils,  one  of  which  is  fixed,  while  the  other  is  free  to  swing  about  a 
vertical  axis  in  its  own  plane,  and  is  held  at  right  angles  to  the  plane  of 
the  fixed  coil  by  the  torsion  of  a  spring.  When  the  current  flows  there  is 
a  torque  on  the  swinging  coil  proportional  to  the  square  of  the  current, 
and  the  square  root  of  the  angle  of  torsion  of  the  spring  necessary  to  keep 
the  coils  at  right  angles  is  proportional  to  the  current. 

In  Lord  Kelvin's  balances  the  separate  coils  are  placed  parallel  to  one 
another,  each  of  the  movable  coils  being  carried  by  the  beam  of  the 
balance  between  two  fixed  coils,  one  of  which  attracts,  while  the  other 
repels  it.  The  beam  of  the  balance  is  deflected  in  the  same  direction  by 
each  coil,  and  the  torque  so  produced  is  directly  measured  by  a  sliding 
weight.  If  a  coil  containing  two  or  three  pounds  of  copper  wire  is 
placed  beneath  the  scale  pan  of  an  ordinary  grocer's  balance  (fi"ee  from 
iron),  and  a  similar  coil  upon  the  scale  pan,  and  the  latter  be  balanced 
by  weights  in  the  other  scale,  so  that  the  coils  are  about  an  inch  apart, 
if  a  current  be  sent  round  the  coils  in  opposite  directions,  the  scale  pan 
containing  the  coil  will  rise,  and  a  weight  of  half  an  ounce  or  more 
may  be  required  to  restore  it  to  its  original  position.  The  weight  so 
required  varies  as  the  S(|uare  of  the  current. 

In  the  Cardew  volt-meter  a  long  fine  platinum  wire  is  stretched  to  and 
fro  over  small  pulleys  in  a  brass  tube.  The  wire  is  kept  stretched  by  a 
spring,  and  any  variation  in  its  length  is  recorded  by  a  needle  on  the  dial 
of  the  instrument.  The  resistance  of  the  wu'e  is  so  great  that  a  potential 
difference  of  100  volts  between  its  extremities  produces  a  current  which 
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only  slightly  warms  the  wire.  Under  this  current  the  temperature  of  the 
wire  is  raised  until  its  loss  of  heat  by  radiation  and  convection  balances 
the  production  of  heat  by  the  current,  and  the  increase  in  length  is 
indicated  by  the  needle.  The  rate  of  production  of  heat  is  proportional 
to  the  square  of  the  current,  and  therefore  to  the  square  of  the  potential 
diflPerence.  For  high  pressures  a  number  of  100-volt  wires  enclosed  in 
their  tubes  may  be  connected  in  series,  one  only  of  the  wires  being 
provided  with  indicating  apparatus.  The  pressure  indicated  must  then 
be  multiplied  by  the  ratio  of  the  resistance  of  all  the  wires  to  that  of  the 
wire  of  the  indicating  instrument.  The  same  method  of  adding  resistance 
in  a  known  ratio  may  be  adopted  with  any  othei'  type  of  volt-meter.  In 
Cardew  volt-meters  with  vertical  tubes  air-currents  are  generally  set  up, 
which  cause  a  slight  ^fluctuation  of  the  needle,  while  the  horizontal  type 
of  instrument  will  maintain  a  j^erfectly  steady  indication  on  the  same 
circuit. 

The  Forbes  meter  utilizes  the  air-current  set  up  by  a  number  of  heated 
wires  to  drive  a  small  windmill  of  mica,  the  revolutions  of  which  are 
recorded  by  a  counting  apparatus.  In  this  instrument  a  considerable 
number  of  short,  thin  wires  are  arranged  so  as  to  divide  the  current 
between  them,  and  thus  to  carry  a  great  current  with  very  little  resist- 
ance. Instruments  w4iich  depend  upon  heating  eflFect  serve  equally  for 
continuous  and  for  alternating  currents. 

Even  where  economy  of  power  is  of  little  importance  the  current  in  a 
conductor  must  never  be  allowed  to  be  so  great  as  to  injure  the  insulation 
by  over-heating,  and  to  prevent  this  in  ordinary  buildings  the  fire  insurance 
offices  have  their  own  regulations.  The  Phoenix  rule  on  this  subject  is 
based  on  the  assumption  that  rubber  insulation  may  without  injury  be  main- 
tained at  a  temperature  of  72  degs.  Fahr.  above  summer  heat.  One-half 
of  the  current  which  would  maintain  this  temperature  would  suffice  to 
heat  the  wire  18  degs.  Fahr.,  and  this  is  the  maximum  current  per- 
mitted by  the  rule.  For  currents  less  than  200  amperes  ia  stranded 
copper  cables  the  Board  of  Trade  limitation  of  1,000  amperes  per 
square  inch  fixes  a  lower  standard  than  the  Phoenix  rule.  For  currents 
over  200  amperes  the  Phoenix  rule  assigns  the  working  limit.  If  A 
denote  the  sectional  area  of  the  conductor  in  square  inches  and  0  the 
maximum  current  in  amperes  which  it  may  carry  according  to  Phoenix 
rules,  then  C  is  approximately  equal  to  6G6A'',  which  makes  0  equal  to 
200  when  A  is  equal  to  "2,  and  gives  the  current  for  a  conductor  of  1 
square  inch  sectional  area  as  666  amperes,  or  two-thirds  of  the  Board 
of  Trade  allowance, 


296  DISCUSSION — ELECTRIC   TRANSMISSION   OF   POWER. 

The  electricity  meters  employed  by  electric  lighting  companies 
generally  integrate  the  current  with  respect  to  the  time,  that  is  to  say, 
they  measure  the  total  quantity  of  electricity  which  passes  through  them, 
but  without  respect  to  the  direction  in  the  case  of  alternating  currents. 
The  quantity  of  electricity  expressed  in  ampere-hours  when  multiplied  by 
the  pressure  (supposed  uniform)  at  which  it  is  supposed  to  be  supplied 
gives  the  energy  in  watt-hours,  and  1,000  watt-hours  constitute  the 
Board  of  Trade  unit.  For  the  purposes  of  the  transmission  of  power  in 
mines  the  measurement  of  the  total  quantity  of  electricity  supplied  is  of 
secondary  importance,  and  it  is  therefore  proposed  not  to  unduly  lengthen 
this  paper  by  a  description  of  the  various  types  of  electricity  meters  now 
in  use,  some  of  which  (namely — the  Forbes,  Frazer,  Ferranti-Wright,  and 
Thomson  meters)  have  been  placed  upon  the  table. 


Prof.  Garnett  then  exhibited  and  explained  a  number  of  electrical 
meters,  etc.,  in  illustration  of  the  remarks  made  in  his  pa]ier. 

Mr.  A.  L.  Steavenson  asked  if  the  instruments  described  often  got 
out  of  order  ? 

Prof.  Garxett  said  there  was  very  little  in  them  to  get  out  of  order ; 
they  were  intended  for  general  practical  purposes,  and  not  for  scientific 
work. 

Mr.  A.  L.  Steavenson  proposed  a  cordial  vote  of  thanks  to  Prof. 
Garnett  for  his  most  interesting  and  instructive  paper.  The  subject  was, 
to  them,  a  new  one ;  but  they  were  interested  in,  and  anxious  to  under- 
stand, not  electrical  matters  only,  but  everything  they  could  make  use  of. 
He  did  not  care  to  have  a  machine  which  he  did  not  understand,  and  he 
generally  stuck  at  it  until  he  did  understand  it.  He  hoped  this  was  the 
prevalent  feeling,  and  though  many  of  the  ideas  put  forward  in  Prof. 
Garnett's  paper  were  difficult  to  grasp  at  once,  he  hoped  that  in  a  short 
time  they  would  all  have  a  good  knowledge  of  the  matters  referred 
to  in  the  paper.  He  confessed  that  he  could  not  at  present  understand 
the  meaning  of  such  paragraphs  as  the  following  : — "  Self-induction  is  of 
the  nature  of  inertia,  but  it  is  not  the  inertia  of  the  moving  electricity ; 
it  is  the  inertia  possessed  by  the  medium  through  which  the  current  flows, 
and  which  surrounds  the  current,  and  it  is  the  motion  of  this  medium, 
caused  by  the  current,  which  constitutes  magnetism  in  the  surrounding 
field,  and  to  which  the  energy  of  the  system  is  due.  The  electric  motor 
differs  from  a  water  motor  in  this  respect : — the  faster  the  motor  runs  the 
greater  is  the  back  pressure  which  it  exerts  against  the  dynamo,  and  the 
smaller  is  the  current  which  it  receives.     The  reverse  is  the  case  with 
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the  water  motor."  They,  as  mining  engineers,  would  require  to  give 
the  matter  some  consideration  before  they  could  fully  understand  such 
paragraphs,  and  he  did  not  suppose  they  could  ever  become  as  familiar 
with  the  subject  as  Prof.  Garnett,  who  had  devoted  practically  a  lifetime 
to  its  study.     He  had  great  pleasure  in  proposing  the  vote  of  thanks. 

The  President,  in  seconding  the  resolution,  said  that  they  must  all 
feel  deeply  indebted  to  Prof.  G-arnett  for  his  very  able  paper  on  the  sub- 
ject of  the  electrical  transmission  of  power.  As  Mr.  Steavenson  had  said, 
it  was  not  to  be  expected  that  they  could  grasp  in  a  moment  all  that  the 
Professor  had  so  ably  treated  of  in  his  paper.  But  he  ho}3ed,  with  Prof. 
Garnett's  continued  kindness  in  giving  them  such  papers,  that  they  would 
be  able  to  grasp  more  fully  not  only  his  remarks  but  the  many  wonderful 
things  which  came  before  them  in — he  was  going  to  say  this  new  power 
— but  in  the  new  experience  of  this  power.  In  the  future  they  would  no 
doubt  have  to  depend  a  great  deal  upon  electricity  for  the  working  of 
their  mines,  and  therefore  they  must  hail  every  piece  of  information  they 
could  get  on  the  subject.  He  had  accordingly  very  great  pleasure  in 
seconding  the  resolution  that  a  hearty  vote  of  thanks  be  accorded  to  Prof. 
Garnett,  not  only  for  his  kindness  on  this  occasion,  but  on  so  many 
occasions  on  which  he  had  come  forward  and  done  everything  that  he  could 
for  the  welfare  of  the  Institute. 

The  vote  was  carried  with  acclamation. 

Prof.  Garnett,  having  briefly  acknowledged  the  vote  of  thanks,  said 
that  it  would  require  a  paper  longer  than  that  which  had  just  been  read 
to  give  a  sketch  of  the  mechanical  theory  of  the  magnetic  field,  but  he 
might  point  out  that  it  was  generally  believed  that  the  passage  of  an 
electric  cuiTent  in  a  conductor  caused  a  rotary  motion  in  the  medium 
surrounding  the  conductor,  as  a  leather  belt  might  communicate  motion 
to  a  number  of  sets  of  rollers  by  being  drawn  through  them.  In 
this  case  the  belt  could  not  be  made  to  move  without  turning  the 
rollers,  being  geared  to  them  by  friction,  and  the  inertia  of  the  system 
would  be  almost  wholly  that  of  the  rollers,  not  that  of  the  belt.  Around 
a  conductor  carrying  a  current  in  one  direction  the  motion  is  com- 
municated to  the  surrounding  medium  to  an  indefinite  distance,  but 
in  the  case  of  concentric  conductors  carrying  flow  and  return  the 
motion  is  confined  to  the  medium  between  the  two  conductors,  and 
hence  currents  in  such  conductors  produce  no  magnetic  disturbance  in 
the  surrounding  space,  for  it  is  the  motion  of  the  surrounding  medium 
which  constitutes  the  magnetism  of  the  field.  He  had  referred  to  the 
difference  between  the  purely  electrical   efficiency  and  the  commercial 
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efficiency  of  dynamos  and  motors,  because  so  much  confusion  appeared  to 
exist  in  many  minds  on  this  point,  the  electrical  efficiency  taking  into 
account  only  the  loss  due  to  the  electrical  resistance  of  the  conductors  in 
the  dynamo  or  motor,  while  in  estimating  the  commercial  efficiency  all  the 
other  sources  of  loss  to  which  he  had  referred  had  also  to  be  taken  into 
account.  As  electric  motors  for  continuous  currents  are  similar  in 
construction  to  dynamos,  it  follows  that  if  they  are  driven  mechanically 
they  will  produce  a  current  in  a  circuit,  the  pressure  increasing  with  the 
speed  at  which  they  are  driven.  When  a  motor  is  being  driven  by  the 
current  from  a  dynamo  it  produces  a  pressure  or  electromotive  force, 
opposing  that  of  the  dynamo  and  increasing  with  its  speed.  If  the 
dynamo  is  started  or  switched  on,  and  the  motor  is  at  rest  and  connected 
with  machinery  which  necessitates  its  taking  some  time  to  acquire  its 
full  speed,  as  in  driving  a  tramcar,  the  current  is  at  first  opposed  only  by 
the  resistance  of  the  circuit,  and  may  be  sufficiently  great  to  injure  the 
conductors.  Hence  it  is  necessary  under  such  circumstances  to  switch  on 
the  current  through  artificial  resistance,  and  to  remove  the  resistance 
gradually  as  the  speed  of  the  motor  increases.  If  the  dynamo  gives  a 
current  at  100  volts,  and  the  motor  is  at  rest  there  may  be  a  very  great 
cuiTcnt  in  the  circuit,  but  if  the  motor  acquire  sufficient  speed  to  pro- 
duce a  back  pressure  of  OD  volts  the  current  will  be  reduced  to  1  per 
cent,  of  its  former  value,  and  99  per  cent,  of  the  output  of  the  dynamo 
will  be  employed  in  driving  the  motor.  If  the  speed  of  the  motor 
increase  until  its  back  pressure  is  equal  to  the  electromotive  force  of  the 
dynamo,  the  current  in  the  cu'cuit  and  the  driving  action  will  cease 
altogether. 

Mr.  Sydney  F.  Walker  vrrote  that  Prof.  Garnett's  paper  contained 
a  very  interesting  and  veiy  careful  comparison  between  the  methods  of 
transmitting  power  by  means  of  water  and  by  electricity,  and  refers 
more  than  once  to  the  fact  that  "earth"  may  be  used  in  either  case 
for  the  return  conductor.  In  the  case  of  electricity,  Prof.  Gamett 
states  that  the  earth  may  be  considered,  if  we  choose,  as  an  inexhaustible 
reservoir  from  which  the  generator  draws  its  supply  of  electricity,  and 
into  which  any  quantity  of  electricity  may  be  poured,  after  the  work 
for  which  it  was  called  into  being  has  been  accomplished.  Prof.  Gamett 
states,  very  properly,  that  even  if  we  do  look  upon  the  earth  in  this  way  the 
office  it  performs  is  still  only  that  of  a  conductor,  and  that  the  stream 
lines,  or,  in  other  words,  the  currents,  passing  in  the  earth  must  obey 
the  same  laws  as  when  passing  in  other  conductors.  The  wi'iter  would 
like  to  add  a  few  remarks  to  the  above,  as  he  fears,  judging  by  his  own 
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experience,  that  the  conception  of  earth  must  be  very  puzzling  to 
very  many  of  those  wlio  will  read  and  study  the  paper.  He  thinks,  in 
the  fii-st  place,  it  would  be  wiser  not  to  introduce  the  idea  of  an  incom- 
pressible fluid,  as  though  it  may  appear  to  simplify  the  matter  at  first, 
it  will  prove  to  be  misleading  at  a  later  stage  of  study  of  the  subject. 
Probably  of  all  the  puzzling  names  used  by  electricians  that  of  earth, 
as  now  employed,  is  the  most  puzzling.  When  the  early  experimenters 
found  that,  by  dropping  a  chain  from  one  conductor  of  a  frictional 
machine  to  the  floor  of  the  room  they  were  experimenting  in,  they 
could  go  on  generating  electricity  as  long  as  they  turned  the  plate, 
while  without  this  connexion  the  supply  of  sparks  was  speedily  brought  to 
a  finish,  they  thought  naturally  that  by  making  this  connexion  they  were 
tapping  an  inexhaustible  reservoir  in  mother  earth.  When,  later  on,  it 
was  discovered  that  the  same  effects  were  produced  by  connecting  the  two 
ends  of  an  overground  circuit  to  earth  in  a  certain  manner,  as  those  that 
were  produced  when  a  return  wire  was  employed  to  complete  the  circuit, 
the  same  idea  prevailed.  Old  text-books  tell  students  to  regard  a  galvanic 
battery,  for  instance,  as  a  pump  capable  of  drawing  supplies  from  earth, 
into  which  the  current  could  be  delivered  when  done  with.  No  harm 
was  done  in  either  of  these  cases  by  so  regarding  earth.  But  the  advance 
of  electrical  engineering  has  obliged  us  to  look  more  fully  into  the  matter. 
The  discovery  that  electric  currents  found  their  way  from  one  wire  to 
another  by  way  of  the  earth's  crust,  though  there  might  be  no  metallic 
connexion  between  the  earth  connexions  of  the  two  wires,  a  discovery 
which  was  made  as  soon  as  the  telephone  began  to  come  into  general 
use,  obliged  us  to  look  upon  the  earth  simply  in  the  light  of  a  conductor 
of  electricity,  obeying  the  same  laws  as  other  conductors.  But  this, 
again,  led  to  the  idea  that  the  whole  body  of  the  earth's  crust  is  a 
good  conductor  and  will  convey  currents  of  electricity  of  any  strength 
that  may  be  required  of  it.  This,  however,  is  not  the  case.  Rocks, 
stones,  sand,  gravel,  etc.,  of  which  the  earth's  crust  is  largely  composed, 
are  not  good  conductors.  Even  the  manner  in  which  they  are  arranged 
is  such  as  to  offer  the  very  highest  possible  resistance  to  electrical  con- 
duction. No  arrangement  could  be  worse  for  conduction,  even  in  metal, 
than  a  fine  powder  loosely  thrown  together,  as  many  soils  are.  And  yet 
some  of  these  soils  are  the  very  best  for  use  as  earth  for  small 
currents.  No  connexion  to  the  soil  or  to  any  mass  of  rocks  could 
possibly  be  made  to  convey  the  currents  that  are  being  used  for  town 
lighting  or  even  for  transmission  of  power  in  mines.  The  resistance 
offered  to  the  passage  of  the  current  would  entail  an  enormous  waste 
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of  power  if  it  was  not,  as  it  would  generally  be,  prohibitive.  Yet,  even 
with  these  large  currents,  even  with  the  currents  used  for  supplying  our 
largest  towns,  for  transmitting  power  for  our  largest  works,  earth 
has  a  definite  meaning  and  must  be  reckoned  with.  And  it  is  with  the 
view  of  elucidating  this  meaning  that  the  writer  is  anxious  to  make 
these  remarks.  Earth,  whether  for  a  telephone  current,  for  a  lightning 
discharge,  or  for  the  larger  currents  used  for  lighting  and  power,  means 
the  masses  of  metal,  tlie  minerals,  and  the  liquids  held  in  the  earth's 
crust.  Even  the  hardest  rocks  contain  moisture,  and  will  conduct 
in  proportion  to  its  presence.  Large  rivers,  canals,  large  Ijodies  of 
water  everywhere,  will  conduct  large  currents  if  these  are  passed  through 
them,  and  will  offer  only  that  resistance  to  the  passage  of  those  currents 
which  the  laws  governing  electricity  in  motion  decree.  Large  masses  of 
metal,  such  as  gas  and  water  services,  the  iron  conduits  for  electric 
light  mains,  steam  pipes,  compressed-air  service  pipes,  etc.,  will  oil 
conduct  in  proportion  to  their  dimensions  and  their  composition.  Beds 
of  coal,  of  iron,  or  of  tin  ore  also  conduct,  although  they  offer  a  much 
higher  resistance  in  proportion  to  their  dimensions.  Therefore  it  follows 
that  w^henever  any  of  these  bodies,  whether  by  accident  or  design,  form 
part  of  any  circuit,  or  part  of  any  branch  circuit,  in  which  an  electro- 
motive force  is  present,  they  will  conduct  in  proportion  to  their  dimen- 
sions and  their  composition.  And  they  will  not  only  conduct  but 
will  accept  charges  of  electricity  in  the  process  of  conduction  just  as 
any  other  conductor  does.  In  order  then  to  use  earth  as  a  return 
for  electric  lighting  or  transmission,  we  require  to  make  connexion  with 
some  one  or  more  of  these  bodies  in  such  a  manner,  and  they  must  be 
of  such  dimensions  and  aiTangement,  that  the  resistance  they  offer 
between  the  two  points  at  which  connexion  is  made  does  not  appreciably 
exceed  that  of  the  copper  conductor  we  should  have  used  if  earth  was 
not  available.  And  this,  as  already  indicated,  can  only  be  done  in 
special  cases.  But  there  is  another  point  that  should  be  noted  in  con- 
nexion with  earth.  The  laws  governing  electricity  in  motion  decree 
that  wherever  an  electromotive  force  is  present  between  two  points  in 
any  conductor — strictly  speaking,  in  any  body — a  current  will  pass  of 
i\  strength  directly  proportional  to  that  electromotive  force,  and  inversely 
proportional  to  the  resistance  offered  by  the  conductor  or  other  body. 
Therefore  it  may  and  frequently  does  happen  that,  whether  earth  is 
used  designedly  or  by  accident,  currents  are  led  away  to  waste,  just  as 
water  fi'om  unsound  pipes.  And,  further,  just  as  water  ihat  leaks  from 
a  pipe  may  do  considerable  mischief,  so  the  currents  which  wander  about 
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in  obedience  to  this  law  may  and  will,  in  obedience  to  other  laws,  such 
as  those  of  electrolysis,  do  considerable  damage  and  cause  considerable 
trouble  in  places  where  it  would  be  unexpected.  The  writer  would  there- 
fore most  strongly  advise  keeping  earth  out  of  the  circuit  altogether. 
Do  not  use  naked  returns,  they  will  always  lead  to  trouble.  He  would 
also  strongly  recommend  that  no  lead  covering  or  armour  should  be 
used  outside  the  insulating  envelope  of  the  cable.  Make  your  insulation 
high  and  then  overlay  it  with  plenty  of  jute. 


The  following  papers  by  Mr.  Ed.  Halse  were  taken  as  read : — 
"Notes  on  the  Occurrence  of  Manganese  Ore  near  Mulege,  Baja 

California,  Mexico." 
"Notes  on  the  Occurrence  of  Manganese   Ore  near  the   Arenigs, 

Merionethshire." 


302  MANGAXESE   ORE    IN   LOWER   CALIFORNIA. 


NOTES  ON  THE  OCCURRENCE  OF  MANGANESE  ORE  NEAR 
MULEGE,  BAJA  CALIFORNIA,  MEXICO. 

By  EDWARD  HALSE.  A.E.S.M. 


In  Lower  California,  on  the  western  shore  of  the  Gulf,  between  longi- 
tude 111  degs.  and  112  degs.  west  and  latitude  20  degs.  and  27  degs. 
north,  running  due  north-east  and  south-west,  is  a  small  peninsula  about 
25  miles  in  length,  and  varying  from  2  to  6  miles  in  breadth,  whose 
northern  extremity  lies  a  few  miles  east  of  the  small  town  of  Mulege, 
while  it  is  joined  to  the  mainland  on  the  south. 

Mulege  is  well  watered,  and  forms  a  delightful  oasis  of  semi-tropical 
fruit  and  other  trees  in  a  veritable  desert  of  volcanic  rock.  About  43 
miles  north  of  the  town  are  the  well-known  Boleo  copper  mines  and 
works,  owned  by  a  French  company.  The  whole  coast  in  this  district  is 
formed  of  eruptive  rock,  and  has  an  exceedingly  sombre  and  desolate 
aspect,  looking  pleasing  only  by  moonlight,  or  when  coloured  by  the  rays 
of  the  setting  sun.  Mulege  can  be  reached  by  a  small  steamer  or  sailing 
boat  from  the  port  of  Guaymas,  Sonora,  on  the  eastern  side  of  the  Gulf 
of  California. 

The  small  peninsula  appears  to  consist  of  trachytic  rock,  either  in  hard 
solid  beds,  as  a  soft  tufa,  or  as  a  conglomerate.  The  only  vegetation  besides 
the  cactuses  and  mesquite  so  characteristic  of  Northern  Mexico,  occurs  in 
the  ravines  or  quehrados,  and  consists  mainly  of  small  trees  known  as 
2)alo  fierro  (iron  wood),  pah  bianco  (white  wood),  dej)ttas,  mafaroras 
(a  shrub  with  yellow  leaves  and  a  blue  flower,  yielding  a  l)rowaish-black 
dye),  forotis  (a  similar  shrub  with  white  flowers,  and  yielding  a  red  dye), 
jitos,  etc.  The  fauna  is  if  possible  even  more  limited  than  the  flora,  being 
confined  principally  to  a  small  species  of  deer,  jack  rabbits,  vultures,  and 
rattlesnakes. 

In  the  geological  sketch-map  of  Mexico,  issued  by  the  Government, 
eruptive  rocks  are  marked  only  at  Cape  Virgenes  to  the  north,  and  at  and 
near  La  Paz  in  the  south,  showing  that  the  labours  of  the  Commission 
along  the  coast-line  of  Lower  California  were  not  of  an  exhaustive 
character.*    The  fact  is,  the  geology  of  Mexico  has  still  to  be  worked 

*  Boxqnejo  de  unn  Carta  Geologtca  Ac  In  Repuhlica  Mcvicana.  fonuailo  pur 
dUpoxiciiiH  del  Secretario  de  Fomento,  Gral.  Carlox  Pucheco,  j)jr  una  Comi^lon 
especial  baju  la  direcclon  del  Profesor  Antonio  del  Castillo,  director  de  l:i  cscnela 
nacional  de  ingeniero-s,  18S9. 
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out,  the  knowledge  of  the  northern  portion  especially  being  extremely 
limited. 

In  the  spring  of  last  year  the  writer  had  an  opportunity  of  examining 
the  small  peninsula  of  Mnlege  for  manganese  ore,  and  although  the  deposits 
proved  to  be  of  no  great  commercial  value,  it  is  believed  that  they  are  of 
some  geological  interest.     (Fig.  1,  Plate  LX). 

At  a  place  called  Guadolnpe,  on  the  foothills,  150  feet  above  sea-level, 
and  some  1,200  yards  inland,  are  various  outcrops  of  manganese  ore. 

Several  veins  are  seen  here  couising  through  the  trachytic  country. 
One  runs  east  21^  degs.  south  to  west  21^  degs.  north,t  and  another 
north  40  degs.  west  to  south  40  degs.  east  for  some  yards,  it  then  runs 
north  and  south. 

The  veins  consist  of  psilomelane  and  sulphate  of  lime  (gypsum), 
running  through  rock  much  stained  by  oxide  of  iron.  Another  vein 
runs  north  27  degs.  east  to  south  27  degs.  west,  dipping  almost  perpen- 
dicularly— on  its  eastern  side  the  red-stained  "  country "  has  parallel 
veins  of  manganese  running  through  it  for  a  width  of  4^  feet — it  then 
tui-ns  east  28  degs.  noi'th  to  west  28  degs.  south,  and  further  north  is 
very  poor,  being  much  mixed  with  trachyte,  sulphate  of  lime,  and  some 
iron. 

The  bearing  of  another  vein  was  west  42  degs.  north  to  east  42  degs. 
south,  and  its  dip  east  50  degs.  The  country  consists  of  moderately 
hard  red  trachyte  or  porphyry,  passing  occasionally  into  harder  white 
trachyte. 

Near  this  spot,  on  a  hill  250  feet  above  the  sea,  is  an  outcrop 
of  small  veins  of  manganese  ore,  separated  by  varying  thicknesses 
of  country  rock.  Some  of  the  veins  branch  into,  and  some  cross 
each  other,  and  all  appear  to  dip  very  flatly  to  the  east.  The 
deposit,  in  fact,  is  m  the  nature  of  a  "stock-work."  One  vein  con- 
sisted of  a  layer  of  psilomelane,  j  inch  thick  on  each  wall,  with  quartz 
from  1  to  4  inches  thick,  forming  vughs  in  the  centre. 

One  vein  runs  east  30  degs.  north  to  west  30  degs.  south,  dips  north 
64  degs.,  and  is  2h  feet  thick  at  its  outcrop,  and  has  a  more  or  less  solid 
appearance.  A  close  examination,  however,  shows  sulphate  of  lime 
running  through  it  in  veinules,  and  also  in  crystals  or  crystalline  patches. 
Another  vein,  close  to  it,  running  east  10  degs.  south  to  west  10  degs. 
north,  and  dipping  south  57  degs.,  was  3^  to  4  feet  wide,  and  of  the 
section  shown  in  Fig.  2,  Plate  LX. 

t  Readings  (magnetic),  1891.     The  variation  for  that  year  was  about   11   degs, 
53  mins.  east  of  true  north. 
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In  the  same  locality  a  vein  had  the  section  shown  in  Fig.  3,  Plate  LX, 
consisting  of  layers  of  crystalline  manganese  ore,  gypsam,  and  quartz. 

To  Slim  up,  the  veins  here  vary  in  thickness  from  a  few  inches  to  3  or 
4  feet,  and  course  from  north  27  degs.  east  to  east  42  degs.  south, 
although  the  prevalent  direction  would  appear  to  be  north-west  nearly. 
The  contents  are  manganese  peroxide,  varying  from  almost  pure  to  a 
mixture  of  manganese  ore  w^ith  much  foreign  matter,  red  trachyte  in 
layers  and  patches,  sulphate  of  lime  in  layers  and  patches,  oxide  of  iron, 
and  quartz.  In  the  hard  trachyte  the  veins  are  very  poor,  and  show 
little  or  no  quartz.  The  most  prevalent  gangue  or  foreign  matter  is 
sulphate  of  lime,  in  fact  it  is  not  easy  to  obtain  a  specimen  of  ore  that 
does  not  contain  some. 

At  Aguja  Point,  at  the  north  end  of  the  peninsula,  a  bed  of  trachytic 
conglomerate  20  feet  thick  is  seen  lying  on  red  trachyte.  The  rocks  here 
trend  north  and  south,  and  dip  east  22  degs. 

On  the  top  of  the  cliffs  at  Los  Pilaris,  or  about  200  feet  above  the 
sea,  an  outcrop  of  hard  red  trachyte  is  seen  traversed  for  about  100  feet 
in  width  by  veins  of  hard  crystalline  manganese  ore  with  sulphate  of 
lime,  quartz,  and  calcite,  from  mere  threads  to  a  few  inches  thick,  and 
separated  by  much  rock.  In  the  Canada  or  glen  below  this  outcrop  some 
large  lumps  {boleos)  of  almost  solid  ore  have  been  found  lying  in  the 
loose  ground.  These  are  undoubtedly  the  result  of  surface  denudation, 
and  have  no  doubt  come  from  the  points  of  contact  of  two  or  more  veins 
where  swellings  may  be  expected  to  occur. 

The  chief  veins  here  run  north  35  degs.  west  to  south  35  degs.  east, 
and  dip  west  at  a  high  angle  (in  one  case  west  70  degs.),  but  some  dip 
east.  One  vein  was  from  3  to  Sg-inches  thick,  but  it  thinned  off  to  the 
thickness  of  a  knife  blade  a  few  feet  on  either  side.  Three  and  a  half  feet 
from  this  was  another  vein  1  inch  thick.  Some  of  the  veins  for  a  foot  or 
two  in  length  are  filled  with  oxide  of  iron. 

The  chief  veins,  or  more  probably  joints,  course  in  wavy  lines, 
consisting  of  short  curves  of  a  few  feet  in  circumference  only.  The  cross 
veins  are  very  thin  and  also  run  in  wavy  lines.  Occasionally  junctions 
occur  between  the  veins.  The  ore  here  is  much  purer  than  at  Guadolupe, 
being  generally  fi'ee  from  sulphate  of  lime,  but  the  veins  are  very  thin, 
seeming  to  form  a  kind  of  stock-work  in  hard  rock. 

At  Gavelan,  green  trachytic  tufa  forms  the  country.  This  rock  is 
probably  simply  the  result  of  surface  decomposition  of  trachyte,  and  here 
the  veins  or  maiu  joints  run  north-west  and  dip  south-west.  The  rock  is 
soft  mottled  yellow  and  green  tufa,  with  soft  and  crystalline  manganese 
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(pyrolusite),  with  some  pink  mineral  (?  rhodonite  or  rhodochrosite).  At 
the  point  known  as  Punta  Amarilla,thin  beds  of  yellow  volcanic  rock  form 
the  chffs,  and  ap[_)ear  to  run  east  and  west,  and  to  dip  north  45  degs. 
(readings  taken  from  the  ship). 

At  La  Trinidad,  the  best  and  most  solid  ore  has  been  found.  Here 
500  yards  inland  and  about  100  feet  above  sea-level  two  almost  north 
and  south  veins  intersect,  and  each  vein  near  the  point  of  intersection  is 
ore-bearing.  The  country  is  more  or  less  soft  red,  white,  and  yellow  rock, 
almost  like  clay,  and  much  stained  by  oxide  of  iron.  It  appears  to  be  in 
reality  decomposed  trachyte. 

The  lowermost  vein  runs  north  14  degs.  west,  turns  about  13  degs., 
and  then  crosses  the  chief  one  which  runs  north  8|  degs.  east,  both  dip 
westerly.  At  the  junction  of  the  two  veins  there  is  a  "  formacion  "  of  soft 
red  rock  and  manganese  about  12  feet  thick.  On  the  hanging  wall  side 
there  are  about  1^  feet  of  good  ore,  soft  and  friable  (pyrolusite),  but  the 
ore  towards  the  centre  of  the  vein  and  on  the  footwall  side  is  much  mixed 
with  iron. 

The  ore  appears  to  come  in  iu  lenticular  masses,  whose  axes  lie  parallel 
to  the  dip  of  the  vein,  and  which  close  rapidly  both  vertically  and 
horizontally. 

The  lower  vein  also  contains  some  good  ore  near  its  junction  with  the 
upper  one,  but  some  little  distance  below  the  point  of  intersection  both 
veins  contain  much  iron  and  are  very  impure. 

At  Santa  Eosa,  red  trachytic  tufa  or  felspathic  asli  is  seen  striking 
north  and  south  and  dipping  west  57  degs.  Here  the  main  joints  run  east 
and  west  to  east-north-east  and  west-north-west,  and  dip  south.  Not 
unfrequently  they  contain  manganese  as  a  mere  discoloration,  and  oxide 
of  iron,  or  the  former  mineral  well  crystalline  and  a  few  inches  thick. 
Cross  joints,  dipping  east  80  degs.,  are  also  lined  with  manganese.  In 
places,  both  sets  of  joints  are  well  pronounced,  splitting  the  rock  up  into 
pencil-like  fragments.  Some  of  the  joints  are  filled  with  light-coloured 
ash. 

At  Santa  Teresa,  manganese  ore  is  seen  coating  the  joints  of  the  rock 
in  very  thin  films.  The  rock  here  is  very  hard  trachyte,  and  one 
specimen  of  ore  picked  up  showed  sulphate  of  lime,  resembling  the 
Guadolupe  mineral.  In  another  part  of  the  peninsula,  where  the  trachyte 
was  white  or  grey,  weathering  to  red,  the  rocks  appeared  to  strike  east- 
north-east,  and  to  dip  west  50  degs. 

In  a  Canada  near  Los  Pilaris,  grey  trachyte  is  seen  below  the  red,  then 
come  2  feet  of  trachytic  conglomerate,  followed  by  several  yards  of  red 
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porphyritic  conglomerate.  The  latter  contains  oxide  of  iron,  and  little 
veins  and  patches  of  manganese.  Here  and  there  joints  containing  clay 
open  out  into  pockets  of  blue  and  green  carbonate  of  copper,  sulphate  of 
lime,  and  talc.  The  main  joints  or  fissures  in  this  instance  run  north 
20  degs,  east  and  dipped  east  Go  degs. 

The  interior  of  the  peninsula  was  not  examined,  but  it  appeared  to  be 
formed  of  a  belt  of  hard  eruptive  rocks,  and  the  chance  of  finding 
manganese  in  payable  quantities  therein  was  considered  remote. 

No  distinct  evidence  of  any  true  fissure-vein  was  seen.  The  manganese 
ore  appears  to  occur  in  stock-works,  and  filling  superficial  vein-like  fissures 
and  rock  joints.  The  manganese  ore  probably  comes  from  the  trachyte 
itself,  and  is  the  result  of  surface  erosion  and  decomposition.  The  ore 
has  probably  been  leached  out  of  the  rock,  and  has  subsequently  been 
deposited  in  the  surface  fissures  and  joints. 

The  veins  at  Guadolupe  which  contain  sulphate  of  lime,  possibly  owe 
their  origin  to  hot  springs.  About  60  miles  north  there  is  an  extinct 
volcano  (el  Volcande  las  Yirgenes),  where  hot  springs  are  now  depositing 
sulphur  and  gypsum.     The  following  ai'e  analyses  of  the  ore  : — 


No.  1 
Per  Cent. 

No.  2 
Per  Cent. 

Silica           

2-900 

1-5 

Iron             

2-160      

1-7 

Manganese  peroxide  (Jin  0^) 

74-530  manganese 

56-7 

Lime            

17-000     

21 

Magnesia     

1-980 

— 

Lead            

1-200  copper  and  lead 

•038 

Silver           

0-025      

— 

Alumina      

—         

•2 

Phosphorus             

—         

-08 

lu  the  following-  twelve  analyses  the  proportions  of  iron,  silica,  phos- 
phorus, and  manganese  only  are  shown : — 


No. 

Iron. 
Per  Cent. 

Silica. 
Per  Cent. 

Phosphorus. 
Per  Cent. 

Manganese. 
Per  Cent. 

Silver. 
Per  Cent 

3       . 

..       4-850       .. 

0-310 

..        0-225        .. 

.        53-22 

none. 

4       . 

..       1-350       .. 

1-180 

..       0-187       .. 

.       43-810 

none. 

5 

..       2-750 

5-090 

..       0-125       . 

.       .54-382 

none. 

6       . 

.,       1-119       .. 

0-453 

..       0-187       . 

.       59-257 

none. 

7       . 

..       5-382       .. 

1-120 

..       0-095       . 

.       49-360 

..       0-035 

8       . 

1-950       .. 

25-327 

...       0-052       . 

.       41-254 

none. 

9       . 

..       7-250       .. 

0-426 

...       0-136       . 

.       59-672 

none. 

10       . 

..       3-450       .. 

1-110 

...       0-278       .. 

54-532 

none. 

11       . 

..       4-530       .. 

2-578 

...       0-172       . 

.       54-062 

none. 

12       . 

..       2-290       .. 

0-768 

..       0-193       .. 

.       56-423 

onue. 

13       . 

..       4-850       .. 

0-310 

..       0-278       .. 

.       53-22 

none. 

14       . 

..       1-35 

1-18 

..       0-187       .. 

.       39-81 

none. 

J5 


:s. 
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No.  1  is  the  only  analysis  that  purports  to  be  a  complete  one,  but  in 
this  the  percentage  of  phosphorus  is  not  shown,  while  the  17  per  cent,  of 
lime  (?  carbonate  or  sulphate)  is  remarkable.  The  ore  is  seen  to  be  very 
variable  in  composition,  containing  as  it  does  from  about  1  to  7  per  cent, 
of  iron,  *31  to  25  per  cent,  of  silica,  '05  to  '27  per  cent,  of 
phosphorus,  and  39  to  59  per  cent,  of  metallic  manganese.  The  ore  con- 
tains also  some  aluminium,  copper,  lead,  and  occasionally  silver ;  water, 
potash,  and  baryta  do  not  appear  to  have  been  tested  for ;  indeed  from 
the  analysis  we  may  suppose  that  in  this  ore  lime  takes  the  place  of 
baryta,  and  magnesia  that  of  potash  in  the  ordinary  psilomelane. 

The  ore  as  a  rule  is  high  in  manganese,  and  moderately  low  in  phos- 
phorus, silica,  and  iron.  It  may  be  divided,  physically,  into  three 
kinds: — (1)  Brown,  moderately  hard,  and  mixed  with  sulphate  of  lime, 
e.g.,  Guadolupe  ore  ;  (2)  grey,  hard  and  crystalline,  ejj.,  Pilaris  ore  ;  (3) 
grey-black,  soft  and  friable,  e.g.,  La  Trinidad  ore. 
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NOTES  OX  THE  OCCURRENCE  OF  MANGANESE  ORE  NEAR 
THE  ARENIGS,  MERIONETHSHIRE. 


By  EDWARD  HALSE,  A.R.S.M. 


In  the  Lower  Silurian  formation  of  East  Merionethshire  there  occur 
various  patches  of  trappean  ash  and  felspathic  porphyry  or  trap,  having  a 
general  north  and  south  (true)  trend.  These  rocks  form  the  main 
portions  of  the  two  Arenigs  (Arenig  Fawr  and  Areuig  Bach),  the  two 
Arans  (Aran  Benllyn  and  Aran  Mowddwy),  Moel  Llyfu-nant  and  other 
mountains  and  hills  between  Dinas  Mowddwy  and  Ffestiniog.  In  some 
places  the  intrusive  trap  is  massive  and  columnar — this  is  well  seen  in 
the  rocks  just  above  the  xArenig  railway-station — in  others  it  is  largely 
jointed,  while  elsewhere,  as  Mr.  Aveline  truly  remarks,  it  seems  to  pass 
imperceptibly  into  bedded  ashes,  and  when  decomposed  it  is  difficult  to 
distinguish  between  the  two  rocks.  The  trap  "consists  of  dark  grey 
porphyry,  with  small  distinct  crystals  of  yellow  felspar  in  a  felspathic 
base,  but  further  north  it  gradually  becomes  less  porphyritic."* 

The  map  Fig.  1,  Plate  LXI.,  and  sections  Figs  2  and  3,  Plate 
LXIL,  show  the  relative  positions,  horizontally  and  vertically,  of  the 
sheets  of  porphyry,  and  the  bedded  ashes.  The  latter  vary  from  a  hard 
bluish  and  jointed  to  a  soft  reddish  rock.  The  ashes  of  Arenig  in  some 
places  "are  decomposed  and  shivery,  and  in  others  rough  and  almost 
scoriaceous  looking."t  Elsewhere  the  rock  {e.g.,  near  the  Arenig  Lake) 
has  the  appearance  of  a  bedded  trap.  Here  and  there  the  rock  is 
decomposed  into  white  argillaceous  patches  strongly  resembhng  kaolin. 

jMangauese  ore,  usually  in  the  form  of  psilomelane,  and  also  as  pyro- 
lusite  (probably  of  secondary  origin),  occurs  mainly  in  the  upper 
bedded  ashes,  lining  joints  and  bedding-planes,  and  occasionally  opening 
out  into  pockets  and  in  vein-like  fissures. 

The  ore  is  found  also  in  the  porphyry  and  in  the  lower  ashes,  but  in 
the  latter  ca^e  less  frequently,  and  in  the  former,  although  often  of  pure 
quality,  in  very  small  quantities  only,  the  hard  rock  appearing  to  be 
uncongenial  to  it.  The  ore  indeed  in  the  upper  ashes  has  only  been 
found  to  a  veiy  limited  extent.     In  one  or  two  places  it  appears  to  have 

*  Sir  A.  C.  Ramsay's  Gcolugy  of  Xorth   Wiilen,  JJcmoirs  of  Geological  Sin-rey, 
second  edition,  page  68. 

•f  Sir  A.  C.  Ramsay,  oj).  cit. 
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been  worked  to  a  profit  about  twenty-five  years  ago,  when  the  ore  com- 
manded a  comparatively  high  price,  but  some  trials  which  were  recently 
made  in  this  district  have  conclusively  proved  that  the  ore  does  not  occur 
in  sufficient  quantity  to  be  worked  profitably  at  present  prices. 

In  one  of  the  hills  north-east  of  Arenig,  which  consists  mainly  of 
upper  trappean  ash,  with  a  mass  of  felspathic  porphyry  cropping  out  on 
its  northern  side,  various  vein-like  fissures  containing  manganese  and 
iron  ore  can  be  traced  traversing  the  hill.  Here  and  there  the  former 
open  out  into  pockets,  some  of  which  were  at  one  time  mined  in  the 
ordinary  way,  and  from  which  a  few  hundred  tons  of  ore  were  raised  and 
sold. 

The  great  irregularity  of  the  veins  of  the  district  may  be  judged  from 
the  following  facts  : — 

Fig.  5,  Plate  LXIL,  is  a  section  of  a  vein,  coursing  east  17  degs. 
south  to  west  17  degs,  north,*  which  was  opened  close  to  the  surface, 
and  beneath  some  old  workings.  The  country  here  is  greenish 
yellow  felspathic  ash,  much  stained  by  oxide  of  iron.  The  vein  con- 
sisted at  this  point  of  a  main  leader  of  almost  solid  manganese  ore, 
with  some  oxide  of  irun  close  to  the  footwall,  and  of  two  smaller  ones  of 
manganese  ore  and  milky  white  quartz,  seamed  by  "  stringers  "  of  man- 
ganese, separated  by  more  or  less  decomposed  country.     Samples  of  the 

ore,  dried  at  212  degs.  Fahr.,  yielded  as  follows: — 

Per  Cent. 

Metallic  Manganese  46"07 

Silica U-00 

Phosphorus  ...         ...         "H? 

Iron 1-70 

A  complete  analysis  of  the  ore  was  not  made.  The  vein  was  further 
explored,  but  was  found  to  thin  out  very  suddenly  both  in  length  and 
depth.  On  sinking  the  rock  became  harder,  was  stained  ochrey  red  by 
oxide  of  iron,  and  was  characterized  by  white  opaque  quartz.  The  dip, 
too,  changed  from  about  south  80  degs.  to  north  85  degs.  A  strong  joint 
coursing  north  and  south,  dipping  west,  and  stained  red.  was  seen  to  cross 
the  vein  here.  At  a  depth  of  34  feet  the  vein  was  filled  with  greenish 
country  stained  with  oxide  of  iron  in  patches  and  in  stringers,  with  some 
manganese  ore.  Below  this  point  the  rock  became  less  hard,  and  more 
ore  was  visible  ;  but  at  43  feet  the  sinking  was  stopped,  as  appearances 
had  become  extremely  unfavourable.  On  driving  no  better  results  were 
obtained,  and  only  an  east  and  west  flucan  was  exposed,  to  which  the 
manganese  ore  appeared  to  form  a  superficial  capping. 

*  All  readings  are  magnetic  (1886)  imless  otherwise  stated.     The  variation  was 
then  about  21°  W. 
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In  another  part  of  the  hill  a  vein  was  discovered  coursing-  through 
very  soft  felspathic  ash  (decomposed  trappean  ash).  The  ore  was  soft 
bluish  black  pyrohisite  of  good  quality.  Fig.  11,  Plate  LXIL,  is  a 
plan,  and  Fig.  12  a  section  of  the  vein  at  the  point  discovered.  The 
chief  rib  was  21  inches  thick  of  solid  ore ;  this  was  separated  from 
a  9 -inch  rib  by  10  feet  of  moderately  soft  rock  impregnated  with 
manganese,  while  between  the  main  rib  and  what  appeared  to  be  the 
hanging  wall  were  several  smaller  ribs  of  ore,  separated  by  soft  decom- 
posed rock.  Westward  the  two  larger  ribs  were  found  to  run  together, 
and  harder  rock  was  met  with.  At  a  distance  of  12  feet  the  chief  rib 
appeared  as  a  lenticular  mass  of  solid  ore  with  axis  parallel  to  the  dip, 
and  with  stringers  running  into  it  above  and  below.  One  foot  beyond 
this  point  the  deposit  appeared  as  a  joint  merely,  dipping  south  85  degs. 
A  little  farther  on,  however,  the  vein  was  3  feet  wide,  the  centre  1  foot 
wide,  consisting  of  soft  clay  with  manganese,  the  remainder  being 
country  with  red  stains  and  stringers  of  iron  oxide,  together  with 
black  arborescent  markings  of  manganese  known  as  "  dendrites."  The 
rock  had  become  softer,  and  at  20  feet  the  joint  dipped  south  75  degs., 
and  there  was  clay  throughout,  and  a  stringer  of  manganese  and  clay 
2  inches  wide  coming  in  at  the  bottom.  At  this  point  a  joint  ran 
across,  dipping  south-east  86  degs.  The  stringer  widened  to  6  inches  of  ore, 
but  shortly  afterwards  hard  rock  came  in  on  the  north  side,  pinching  it 
up  again.  Eastward  the  leader  maintained  its  good  appearance  for  a 
time,  but  eventually  hard  rock  was  met  with  in  this  direction  also,  and 
it  dwindled  down  to  a  few  inches,  then  a  cross-joint  appeared  to  cut  it 
off  entirely.  The  main  leader  ran  east  36  degs.  south  to  west  36  degs. 
north,  and  dipped  south-west  75  degs.  to  85  degs.,  while  the  branch 
ran  east  20  degs.  south  to  west  20  degs.  north,  and  dipped  north-east 
70  degs. 

In  another  instance,  in  driving  a  cross-cut  towards  a  vein,  a  small 
pocket  was  met  with  consisting  of  nodules  of  manganese  and  iron  ore  in 
soft  clay — striking  nearly  north-east  to  south-west,  and  dipping  south- 
east flatly.  Subsequently  this  proved  to  be  an  enlargement  of  a  joint 
merely.  Some  of  the  nodules  consisted  of  fairly  good  blue  manganese 
ore  veined  with  quartz,  of  rough  exterior,  and  somewhat  lenticular  in 
shape.  One  lump  weighed  15  lbs.  Other  nodules  were  manganese  ore 
and  oxide  of  iron  mixed,  and  others,  again,  were  impure  earthy  brown 
oxide  of  iron. 

Another  vein  was  explored,  coursing  nearly  east  and  west  through 
kaolinized  ash,  and  dipping  south.     The  vein  was  3  feet  wide,  and  the 
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contents  were  mostly  impure  Ihnonite,  with  spots  or  patches  of  pyrolusite 
or  psilomelane  here  and  there.  A  sample  of  the  iron  ore  examined 
contained  '35  per  cent,  of  phosphorus  and  no  manganese.  The  iron 
ore  much  resembled  psilomelane  in  structure,  and  appeared  to  be  of 
very  recent  formation.  It  is  believed  the  iron  was  pseudomorphous 
after  psilomelane,  and  that  it  had  almost  entirely  replaced  the  latter 
mineral. 

On  the  same  hill,  in  hard  trappean  ash,  a  red  vein  is  seen  coursing 
east  1.5  degs.  south  to  west  15  degs.  north,  and  dipping  north  at  a  high 
angle;  but  in  this  instance  there  is  no  direct  evidence  of  pseudo- 
morphism, although  manganese  occurs  in  stains  and  patches. 

A  similar  vein  to  the  above  was  once  explored  on  Moel  Llyfn-nant,  a 
mountain  west  of  Arenig,  where  it  occurs  in  porphyry.  The  vein  is  from 
5  to  6-feet  wide,  coursing  east  10  degs.  south  to  west  10  degs.  north,  and 
dipping  south  71  degs.  at  the  surface,  bending  to  south  58  degs.  below. 
The  rock  is  hai-d,  and  stained  very  red  ;  some  quartz  occurs  in  it,  and  the 
iron  generally  occurs  as  a  leader  next  to  the  footwall.  Here  and  there 
psilomelane  is  found  among  the  iron  ore.  Hence  in  this  district  little  or 
no  manganese  appears  to  occur  in  veins  striking  about  east  and  west. 

The  most  premising  vein  on  the  smaller  hill  near  Arenig  was  mined 
in  a  regular  manner  for  about  250  feet  in  length,  at  a  depth  of  100  feet 
fi'om  the  surface.  At  and  near  the  surface,  to  judge  by  the  old  workings, 
a  bunch  of  ore,  of  considerable  size,  had  been  met  with,  and  although  a 
vein  was  found  in  the  adit  of  promising  appearance  for  a  certain  length, 
and  also  when  sunk  upon,  the  good  indications,  unfortunately,  ultimately 
gave  out,  and  the  workings  had  to  be  abandoned. 

Fig.  4,  Plate  LXL,  is  a  plan  of  the  workings  on  the  vein  at  a  depth  of 
100  feet  fi'om  the  surface,  measured  on  the  dip.  A  careful  study  of  the  vein 
was  made  to  ascertain  whether  it  possessed  the  characteristics  of  a  fissure 
vein,  and  whether  the  bearing  and  dip,  the  encasing  rock,  and  the  joints 
thereof,  had  any  influence  on  the  mineral  contents.  It  was  found  that 
the  vein  was  usually  manganiferous  (1)  when  certain  rock-joints,  with  a 
southerly  dip,  formed  acute  angles  with  it ;  (2)  when  the  dip  was  about 
65  degs.  north,  and  regular,  and  the  hanging  wall  smooth  and  well- 
defined  ;  (3)  when  the  strike  of  the  vein  was  north  30  degs.  west. 

On  the  other  hand,  the  vein  was  poor  (1)  when  certain  joints,  with  a 
northerly  dip,  formed  obtuse  angles  with  the  vein,  or  crossed  it  at  nearly 
right  angles  ;  (2)  when  the  rock  was  hard  and  much  jointed,  (3)  when 
the  dip  of  the  vein  was  high  (75  degs.  to  85  degs.),  and  its  strike  a  few 
degrees  more  northerly. 
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The  vein  was  extremely  irregular  in  its  filling,  both  vertically  and 
horizontally,  being  sometimes  as  wide  as  the  level  (5  feet),  and  in  the 
next  foot  or  so  it  would  be  almost  entirely  cut  out.  The  ore,  as  the 
miners  expressed  it,  came  in  with,  or  was  cut  out  by,  the  joints,  and 
when  driving  south,  it  generally  came  in,  inthe  floor  of  the  level  first — in 
other  words,  the  bunches  of  ore  dipped  towards  the  north.  In  one 
instance  this  dip  was  measured,  and  found  to  be  noi'th-west  20  degs. 
The  ore  was  generally  hard  and  quartzose  psilomelane,  and  present  as 
stringers,  in  lumps  or  in  more  or  less  regular  layers  parallel  to  the  walls.* 

At  about  point  a  on  the  plan  (Fig.  4)  the  ore  consisted  of  hard  manganese 
and  quartz,  lying  on  the  footwall,  a  thin,  but  sharply-defined  selvage  of 
clay  separating  the  two,  while  the  rest  of  the  vein  was  formed  of  tough 
decomposed  country,  veined  with  ore,  and  with  lumps  of  it  here  and 
there.  South  of  this  point  the  leader  was  on  the  hanging  or  north-cast 
wall,  then  it  changed  to  the  centre,  alongside  a  quartz  vein,  4  to  6  inches 
thick,  the  vein  (5^  feet  in  width)  showing  clear  hanging  and  footwalls. 

Fig.  C),  Plate  LXIL,  shows  the  structure  a  little  ahead  of  this, 
and  at  point  h  on  the  plan.  The  footwall  was  smooth,  and  contained  a 
very  thin  coating  of  black  oxide  of  manganese,  while  the  north  wall  was 
stained  brick  red.  Several  joints  crossed  the  lode  at  this  point,  making 
30  degs.  to  45  degs.  with  it,  and  dipping  south. 

Fio-.  7,  Plate  LXIL,  shows  the  structure  as  exhibited  at  point  c 
on  the  plan.  Here,  3  feet  north  of  the  north-east  wall,  a  joint  svas  seen 
making  an  acute  angle  with  it,  and  which  would  meet  it  a  few  feet  ahead. 
The  ore  was  soft,  or  hard  and  quartzose,  and  was  seen  all  through  the 
vein  in  little  stnngers,  in  places  forming  a  regular  network.  At  point 
d  there  was  a  6-inch  leader  of  nearly  solid  ore  in  the  hanging  wall,  with 
manganese  scattered  throughout  the  lode.  Then  almost  solid  manganese 
filled  the  whole  vein ;  but  at  point  e  the  ore  was  soft  and  poor,  and  the 
end  of  the  good  bunch  of  ore  was  reached. 

Where  the  ore  was  well  mineralized,  the  dip  was  north-east  68  degs,, 
while  at  point  e  it  was  north-east  76  degs.  The  average  course  of  the 
run  of  ore-ground  of  about  90  feet  in  length  was  north  27  degs. 
west,  while  the  best  portion  was  north  30  degs.  west.  The  leader, 
2  or  3  inches  thick,  lying  close  to  the  north-east  wall,  consisted  only  of 
quartz,  with  yellow  clay  stained  with  manganese  ore. 

Fig.  8,  Plate  LXIL,  shows  the  very  simple  structure.     The  leader 

proper  here  consists  of  reddish-brown  and  black  decomposed  rock,  with  a 

vein  of  quartz  in  the  centre.     On  each  side  of  this  is  a  thin  layer  of  black 

manganese  ore  on  soft  yellowish  clay.     The  hanging  wall  was  less  distinct. 

*  lu  other  instances  the  ore  was  found  arranged  in  horizontal  layers. 
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A  few  feet  in  advance  of  this  point  the  leader  was  formed  of  but  2 
inches  of  soft  stuff  on  the  hanging  wall.  Lying  next  to  it  was  a  thin 
layer  of  soft  pyrolusite,  the  rest  being  layers  of  earthy  brown  oxide  of 
iron,  alternating  with  black  oxide  of  manganese. 

Still  farther  south-east,  or  at  point/,  great  irregularity  in  the  dip  of 
the  wall-joints  was  remarked,  as  well  as  in  the  thickness  of  the  vein  proper 
(see  Fig.  9,  Plate  LXII).  The  rock,  however,  was  less  soft,  and  more 
promising  for  ore.     Joints  crossed  the  vein  here  dipping  north  80  degs. 

A  little  ahead  of  this  point  another  joint  was  seen  in  addition,  coursing 
north-north-east,  and  dipping  west  80  degs.,  as  well  as  some  nearly 
horizontal  ones,  dipping  south-west  29  degs.  ( ?  bedding  planes).  At  point 
q  the  vein  had  a  favourable  dip  (north  65  degs.),  and  there  was  soft  ore 
scattered  throughout  the  vein  (Fig  10,  Plate  LXII.) ;  but  the  rock  was 
still  very  hard,  and  joints  crossed  the  vein  as  before.  The  former  varied 
in  colour  from  dark  green  to  reddish-brown,  and  more  resembled 
felspathic  trap  than  ash. 

Some  joints  appeared  to  strike  with  the  vein,  and  to  dip  somewhat 
flatly  (40  degs.)  in  the  opposite  direction  ;  others  were  nearly  horizontal, 
or  dipping  only  sonth-east  14  degs.  At  point  h  a  bunch  of  ore  came  in 
temporarily  in  the  bottom.  The  best  ore  was  against  the  north-east  wall. 
It  widened  for  a  time,  but  became  less  solid. 

At  point  i  the  footwall  dipped  from  50  degs.  to  66  degs.,  and  the 
hanging  from  55  degs.  to  70  degs.  The  vein  proper  was  2  feet  wide  at 
the  bottom,  and  1  foot  at  the  top.  Joints  crossed  here  running  10  degs. 
south  of  west,  and  dipping  north  74  degs. ;  others  dipped  south  15  degs. 
west  towards  the  face.  The  filling  was  stiffish  clay  to  soft  decomposed  rock 
with  pyrolusite,  with  a  stringer  of  honeycomb  quartz,  whose  intei'stices 
were  filled  with  clay.  There  was  an  inch  or  so  of  clay  on  the  footwall, 
and  the  country  on  the  sides  was  tender,  and  the  ground  wet.  But 
after  this  the  rocks  became  shaly,  and  the  vein  seemed  to  be  squeezed  up 
in  the  bottom.  On  driving  still  further  there  were  no  defined  joints,  and 
no  flucan,  but  merely  an  inch  or  so  of  brownish  oxide,  with  a  little  quartz. 
The  rock  was  comparatively  soft,  \arying  from  light  to  dark  green  on 
the  hanging  wall,  and  from  light  to  dark  red  on  the  footwall.  These 
indications  were  considered  so  unfavourable  that  the  drivage  was  not 
continued  in  this  direction. 

Although  as  a  rule  cast  and  west  veins  in  this  district  bear  little  or  no 
ore  there  would  appear  to  be  some  exceptions  to  this. 

A  vein  near  the  last  one  described  runs  east  16  degs.  south  to  west  16 
degs.  north  and  dips  north.     This  was  formerly  worked  60  feet  in  depth, 
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and  the  same  distance  in  length,  and  a  bunch  of  ore  appeared  to  have  been 
met  with.     A  sample  of  mmeral  of  the  class  known  as  "kidneys"  gave  : — 

Per  Cent. 
Metallic  manganese   ...         ...         ...         ...         ...         54'00 

Phosphorus      ...         ...         ...         ...         ...         ...  0*17 

Silica 2-60 

The  vein  was  not  found  to  extend  east  and  west. 

A  vein  on  the  Garth  Hill  (Fig.  1)  coui-ses  east  15  degs.  north  to  west 
15  degs.  south,  and  dips  south  52  degs.,  and  was  worked  for  a  length  of 
100  feet,  a  depth  of  60  feet,  and  a  width  of  6  feet,  by  Mr.  Collins,  about 
twenty  years  ago,  long  before  the  construction  of  the  railway  through  this 
part  of  Merionethshire.  The  ore  was  dressed  and  carted  13  or  14  miles 
to  a  railway  station,  and  is  said  to  have  realized  £11  per  ton.  A  sample 
from  the  old  floors  gave  : — 

Per  Cent. 

Insoluble  matter       5-040 

Metallic  manganese 43-800 

Phosphorus 1-608 

The  country  is  soft  near  the  veins,  in  places  being  perfectly  white 
clay,  resembling  kaolin. 

A  little  to  the  south  of  this  is  a  branch  vein  coursing  east  17  degs. 
south  to  west  17  degs.  north. 

In  this  district  whenever  a  bunch  of  ore  has  been  found  it  is  generally 
at  or  near  the  junction  of  two  veins — a  larger  and  a  smaller  one — the 
latter  appearing  to  have  acted  the  part  of  "  feeder  "  to  the  former. 

At  Pistyll  Gwyu  (Fig.  1 )  a  vein  from  4  to  5  feet  wide  was  worked,  about 
forty  years  ago,  which  strikes  east  4  degs.  south  to  west  4  degs.  north,  and 
dips  south  77^  degs.  The  rock  is  harder  and  grayer  than  at  Garth,  and 
the  vein  is  hard  and  quartzose,  and  contains  some  specular  iron  ore. 

About  one  mile  west  of  the  Rhydyfen  inn,  on  the  Ffestiniog  road, 
and  to  the  north  of  it,  is  another  abandoned  mine.  Here  a  vein  courses 
north  7  degs.  west  to  south  7  degs.  east  and  dips  east  88  degs.  Another 
vein,  showing  old  surface  works,  meets  this,  striking  north  24  degs.  ease 
to  south  24  degs.  west,  and  dipping  east  78  degs.  The  old  workings  are 
30  feet  in  depth  and  about  the  same  in  length.  The  ore  was  light 
ferruginous  and  of  honeycombed  character.  In  one  place  a  floor  of 
manganese  ore  is  seen  scattered  through  soft  reddish  rock,  dipping  east 
25  degs.,  and  wedging  away  very  rapidly  at  either  end.  Here  also  small 
perpendicular  veins  are  visible  intersecting  each  other  and  forming  a  kind 
of  stock- work.  Another  leader  striking  about  north  25  degs.  east  to 
south  25  degs.  west  crosses  the  north  and  south  vein,  and  is  thrown  by  it 
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several  feet  to  the  north.  It  consists  of  psilomelane  widening  up  to  1 
foot,  including  vughs. 

A  few  hundred  yards  east  of  the  same  inn,  by  the  new  road,  a 
manganese-bearing  vein  is  seen  running  east  8  degs.  north.  The  ore  is 
psilomelane  and  is  associated  with  chocolate  coloured  ochre. 

An  examination  of  the  bearings  of  the  veins  and  of  the  rock- joints 
clearly  shows  that  they  are  often  identical  or  nearly  so  in  direction.  This 
can  be  seen  on  reference  to  Fig.  14,  Plate  LXII.  Other  veins  appear  to 
run  parallel  with  adjacent  faults,  e.rj.^  at  Pistyll  Gwyn,  Ehydyfen  and 
G-arth.  The  principal  vein  runs  parallel  with  several  large  faults  in  the 
district  coursing  north-west  (true). 

What  is  remarkable  is  the  great  variability  in  direction  of  the  veins 
and  rock-jointing.  No  regular  system  appears  to  prevail  except  perhaps 
locally.  The  beds  of  trappean  ash  (?  felspathic  trap)  west  of  Arenig  Lake 
run  north-north-east  and  dip  east  30  degs.  Joints  cross  the  beds  striking 
east  36  degs.  north  to  west  33  degs.  south,  and  dipping  north-west  at  a 
high  angle,  and  others  course  north  \\  degs.  west  to  south  1^  degs.  east, 
dipping  west  74^  degs.  The  latter  would  appear  to  be  the  main  or 
master-joints,  as  joint-planes  can  be  traced  for  26  yards  and  upwards  in 
length,  and  for  several  yards  in  depth.  A  number  of  joints  cross  these  at 
right  angles  dipping  a  few  degrees  westward.  Hence  the  prevailing 
jointing  here  is  in  three  directions.  Elsewhere,  too,  in  the  ashes  there 
appears  to  be  evidence  of  a  similar  system  of  jointing  which  was  not 
sufficiently  developed  to  produce  the  prismatic  structure  sometimes  seen 
in  the  porphyry.  This  was,  no  doubt,  due  to  the  different  rates  of  cooling 
of  the  rock-masses. 

Superficially  at  any  rate  this  system  is  crossed  by  a  more  recent  set  of 
joints  and  fissures.  Some  of  them  are  of  course  merely  local,  their 
directions  too  are  often  of  local  character,  and  in  order  to  ascertain  the 
average  directions  of  principal  veins  and  joints  an  exhaustive  examination 
of  the  whole  district  would  be  necessary.  But  from  a  number  of  observa- 
tions, both  underground  and  at  the  surface,  the  most  prevalent  directions 
followed  by  the  joint-planes  would  appear  to  be  as  follows  : — 

(1)  About  N.S.  correspomling  nearly  to  the  direction  of  one  vein  (dips  contrary). 

(2)  N.  20°  E.  to  S.  20°  W.  corresponding  nearly  to  the  direction  of  one  vein  (dips 

contrary). 
(.3)  N.B.  to  S.W.  corresponding  to  the  direction  of  one  vein  (dips  similar). 

(4)  E.  20°  N.  to  W.  20°  S.  corresponding  approximately  to  the  direction  of  one  vein 

(dips  contrary). 

(5)  About  E.W.  corresponding  to  the  direction  of  two  veins  (dips  similar), 

(6)  E.  16°  S.  to  W.  16°  N.  corresponding  to  the  direction  of  four  veins  (dips  mostly 

contrary). 

VOL.  XLI.-1891-92. 
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The  conclusion  was  arrived  at  that  the  veins  show  no  distinct 
evidence  of  being  fissure-veins ;  the  manganese  ore  merely  locally  fills  the 
joints  and  certain  faults  and  superficial  fissures  in  the  country  rock.  It  is 
believed  that  the  manganese  ore  has  come  from  the  felspathic  ash  or  trap 
itself,  and,  as  a  result  of  surface  erosion  and  decomposition,  has  been  leached 
out  from  it,  and  deposited  very  recently  in  the  joints  and  fissures.  The 
great  irregularity  of  the  veins  appears  to  correspond  with,  and  is  probably 
due  to,  the  very  varying  degrees  of  hardness  of  the  country  rock  itself. 
But  here,  as  in  most  metalliferous  districts,  a  rock  of  moderate  hardness 
appears  to  have  been  most  favourable  to  the  deposition  of  the  ore. 

It  would  be  interesting  to  know  to  what  depth  manganese  ores  actually 
occur  in,  and  can  be  profitably  extracted  from  veins  or  vein-like  fissures. 
Veins  of  manganese  ore  are  said  to  occur  in  the  Skiddaw  (Lower  Silurian) 
slates  of  the  Lake  District.* 

Fig.  13,  Plate  LXIL,  copied  from  Fig.  21,  illustrating  Mr.  Kendall's 
paper,  is  a  section  of  a  vein  traversing  the  mica-schist  country.  "The 
ore  seems  to  occur  in  them  in  much  the  same  way  as  hasmatite  is  found, 
being  sometimes  confined  to  a  narrow  strip  along  one  wall,  at  other  times 
extending  completely  across  the  vein.  "  The  chief  peculiarities  of  veins 
of  this  class  (i.e.  of  hematite  and  manganese)  is  the  absence  of  vein-stone 
.  .  .  .  there  is  rarely  any  other  mineral  found  in  them  but  dolomite, 
quartz,  and  calcite,  all  of  which  occur  in  crystals,  but  the  first  is  found 
amorphous  as  «ell.  The  haematite  and  manganese  veins  appear  to  run 
fi'om  north-west  to  north-north-east  (true),  with  a  north-east  to  east  dip. 
In  some  places  there  is  evidence  that  the  direction  corresponds  with  the 
bedding-planes  of  the  rock,  and  in  others  with  the  divisional  planes  or 
with  the  cleavage." 

Manganese  and  iron  lodes  occur  in  the  Silurian  felsite-porphyry, 
melaphyre,  melaphyre-conglomerate,  and  granite  of  the  Thuringian 
Forest,  t  The  ore  consists  principally  of  pyrolusite  and  psilomelane,  and 
subordinately  of  wad,  hausmaunite,  brauuite,  manganite  (rare),  hematite, 
and  limonite,  associated  with  heavy  spar  and  calcite.  However,  the  ore  is 
mostly  without  gano-ue.  The  pyrolusite,  when  pure,  forms  bands  parallel 
to  the  wall  of  the  fissure  with  its  crystals  directed  towards  the  centre 
of  the  lode.  The  ores  are  in  irregular  patches  between  the  masses  of 
country  rock  and  clay  by  which  the  lode  fissures  are  partly  filled.     The 

*  See  J.  D.  Kendall,  "  The  Mineral  Veins  of  the  Lake  District,"  Transactions 
of  the  Manchester  Geological  Society,  vol.  xvii.,  pages  300,  302,  314-316. 

t  Von  Cotta's  Ore  Deposits,  F.  Prime's  e<lition,  1870,  pages  139,  140.  J.  A. 
Phillips'  Treatise  on  Ore  Deposits,  page  299.  Dr.  A.  von  Groddeck,  die  Lehrc  von  der 
Lagerstdtten  der  Erze,  1879,  pages  156,  157. 
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width  varies  from  mere  lines  up  to  15  feet.  Their  extreme  depth  had  not 
been  attained  at  the  time  Yon  Cotta  wrote,  but  in  some  instances  they 
had  been  worked  300  feet  below  the  surface.  This  writer  says  that  the  lode 
"frequently  varies  in  breadth  with  its  strike  and  dip,  so  that  at  close 
intervals  it  changes  from  a  considerable  width  to  a  barren  cleft,  which 
appears  to  depend  on  the  difference  in  the  power  of  resistance  of  the  wall- 
rock."  All  these  veins  strike  north  and  south  to  north-east  and  south- 
west (true). 

At  Ilmenau,  and  near  Friedrichsroda,  pyi'olusite  occurs  in  melaphyre- 
conglomerate  in  conchoidal  layers  parallel  to  the  salbands  of  lodes,  and 
striking  north  and  south  to  north-west  and  south-east  (true).* 

In  the  neighbourhood  of  Ilfeld  in  the  Harz' manganese  veins  occur 
traversing  porphyrite  (quartzless  porphyry  or  melaphyre)  of  Triassic  age, 
from  a  few  inches  to  nearly  3-feet  wide,  dipping  from  60  degs.  to  80  degs., 
and  striking  usually  between  west  8  degs.  north  and  north  30  degs.  west, 
true  (or  ft-om  6^  to  10  hours).  Manganite  is  the  chief  ore,  associated 
with  hausmannite,  heavy  spar  and  calcite  ;  braunite,  psilomelane,  pyrolu- 
site,  and  wad  are  also  found.  In  places  the  lodes  are  almost  entirely 
filled  with  manganite,  andj elsewhere  with  "horses"  of  barren  rock.  Von 
Cotta  regards  the  veins  as  secretions  from  the  country  rock  in  fissures, 
and  says  that  the  rock  contains  manganese  ore  in  its  vesicular  cavities.f 
Mr.  J.  A.  Phillips  states  that  these  veins  are  seldom  productive  to  a 
greater  depth  than  about  36  feet,  although  in  a  few  exceptional  cases  they 
have  been  followed  to  beyond  180  feet.J 

In  the  Upper  Schwarzwald  (Baden)  veins  of  manganese  and  iron  ore 
occur  in  granitic  rocks  in  contact  with  New  Red  Sandstone  (Trias).  The 
iron  ores  are  specular  iron  and  haematite  associated  with  heavy  spar,  and 
occur  as  bands  in  the  same  veins  as  manganese,  or  separated  therefrom  by 
wedges  of  country  or  in  separate  and  parallel  veins.  The  manganese 
veins  consist  of  manganite,  pyrolusite,  psilomelane,  and  wad  (the  two 
former  most  abundant)  rarely  associated  with  heavy  spar,  quartz,  jasper,  or 
indeed  any  true  gangues.  The  veins  course  generally  north-west  to  south- 
east, the  strike  ranging  fi'om  west  15  degs.  north  to  north  and  south  (or 
from  7  to  12  hours),  true.  The  thickness  varies  from  less  than  |  inch  to 
1  foot,  and  is  in  general  only  a  few  inches.  At  a  depth  o^  from  50  to  60 
feet  manganese  disappears,  and  at  100  feet  the  iron  ores  follow,  being 
gradually  replaced  by  copper  ores,  and  in  certain  localities  by  cobalt  ores. 
The  structure  of  the  veins  is  mostly  massive,  sometimes  with  conchoidal 

*  Vou  Cotta,  op.  cit. 

t  Op.  cit.,  Dr.  A.  von  Groddeck ;  ojk  cit.,  pages  155-156. 

t  O2?.  cit.,  page  298. 
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divisions.  The  filling  often  consists  mainly  of  fragments  of  more  or  less 
decomposed  country  throngh  which  manganese  ore  is  sprinkled,  or  of 
which  it  forms  the  cementing  material.  Druses  are  infrequent,  and  the 
walls  consisting  of  manganese  or  iron  often  show  polished  surfaces.* 
These  veins  were  formerly  worked  for  manganese,  which  fetched  a  high 
price,  on  account  of  its  purity,  and  which  was  used  in  the  manufacture 
of  glass,  but  the  output  was  small. 

In  Corinth,  Greece,  a  lode  of  good  oxide  of  manganese  is  said  to  have 
been  discovered,  but  the  writer  does  not  know  its  mode  of  occurrence.! 

In  Portugal  manganese  lodes  occur  traversing  quartzites  of  Silurian 
and  Lower  Carboniferous  age.  The  ore  is  pyrolusite,  and  is  associated 
with  red  hematite  and  heavy  spar.J 

The  manganese  ore  of  the  manganiferous  silver  veins  of  Butte  City, 
Montana,  is  worked  only  for  the  precious  metal  it  contains,  and  for  its  use 
as  a  flux  in  smelting.  But  the  veins  are  of  interest  from  the  fact  that 
when  manganese  forms  a  large  percentage  of  the  leads  the  silver  is  low, 
and  vice  ve)'sa,  and  also  from  the  fact  that  below  the  water-level  of  the 
country  silicate  and  carbonate  of  maganese  replace  the  black  oxides. § 
The  country  is  a  grey  granite.  In  the  Rainbow  lode  the  oxidation  has 
extended  down  to  a  depth  of  from  150  to  200  feet.  "Below  that  level 
the  undecomposed  sulphides  of  iron,  zinc,  lead,  and  silver,  are  found 
associated  in  a  gangue  of  quartz  and  carbonate  of  manganese." 

It  may  be  mentioned  here  that  beds  (formerly  regarded  as  lodes)  of 
carbonate  of  manganese,  of  Cambrian  age,  occur  in  North  "Wales,  and 
near  Chevron,  Belgium,  and  of  supposed  Silurian  age  in  Newfoundland.  || 
In  the  first  deposit  the  ore  at  the  surface  and  for  some  distance  down 
consists  almost  entirely  of  black  oxides  of  manganese. 

Mangai]£se  also  occurs  as  a  gangue  in  the  silver  deposits  of  LeadviUe, 
Colorado.  Mr.  S.  F.  Emmons  writes  :  "  Another  empirical  generalization 
of  the  miners  in  this  region  is  that  when  a  large  amount  of  manganese  is 
found  in  the  iron  vein  material,  rich  chloride  deposits  are  likely  to  be 
found  in  the  immediate  vicinity."1[ 

*  See  Dr.  Carl  Zerrener,  die  Uraun-stein  uder  Alanganerz-Berghan,  1861,  pp.  GT-Tl. 

t  J.  A.  PhiUips,  oj).  cit.,  page  365.  J  J.  A.  Phillips,  t*/;.  cit.,  page  383. 

§  See  Mineral  Besources  of  the  United  States,  1883-84,  page  379.  W.  P.  Blake, 
Transactions  of  the  American  Institute  of  Mining  Engineers,  xvi.,  1887-88,  pages 
70-75.     Arkansas  Geological  Survey,  1890,  vol.  i.,  pages  451-456. 

II  See  E.  Halse,  Transactions  of  the  Xurth  of  England  Institute  of  Mining  aiid 
Mechanical  Engineers,  1887,  pp.  103-116.  For  Chevron, see  G.  Dewalque,  Annales  de 
la  Societe  Geologiqve  de  Belgigne,  vol.  xi.,  p.  63.  For  Newfoundland,  see  R.  A.  F. 
Penrose,  Jun.,  Annual  liejjort  of  the  Arkansas  Geological  Surrey,  1890,  vol.  i.,  p.  530. 

^  Geology  and  Mining  Industry  of  LeadviUe,  page  562.  U.S.  Geological  Survey, 
Monoyragh  xii. 
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In  New  Mexico  manganese  ore  is  found  as  veins  traversing  blue 
limestone  and  black  dolomite  of  Lower  Carboniferous  age. 

In  Tombstone,  Arizona,  oxide  of  manganese  is  a  common  constituent 
of  silver-bearing  veins  in  limestone  and  quartzites  of  Lower  Carboni- 
ferous age  (?).  One  vein,  striking  north  and  south  and  dipping  west  60 
degs.  to  80  degs.,  occurs  at  the  contact  of  limestone  and  intrusive 
porphyry,  and  is  from  a  few  inches  to  i  feet  in  width.  "  The  limestone 
is  much  disturbed,  and  dips  at  angles  varying  from  10  degs.  and  15  degs. 
to  almost  perpendicular.  The  vein  matter  is  generally  a  soft  black  mass 
devoid  of  structure.  It  has  been  followed  down  continuously  to  a 
depth  of  300  feet,  and  is  still  in  the  bottom  of  the  shaft."*  The  man- 
ganese (metallic)  only  runs  about  1  per  cent,  in  the  manganiferous 
silver  ore. 

It  is  interesting  to  note  that  manganese  is  often  considered  a  good 
indication  for  gold  in  veins  bearing  that  precious  metal.  Mr.  Ulrich, 
writing  of  Victoria,  Australia,  says  that  psilomelane  "  occurs  very 
abundantly  in  mammillary  crusts  and  concretions  in  the  quartz  reefs 
of  all  the  gold-fields.  It  also  occupies  in  the  auriferous  conglomerate 
of  some  localities  the  place  of  the  common  brown  iron  ore  in  cementing 
the  pebbles  together,  and  then  often  contains  specks  of  gold  embedded. "f 

In  the  well-known  auriferous  deposits  of  Miuas  Geraes,  Brazil,  gold 
is  frequently  associated  with  manganese  and  talc.|  The  writer  has 
noted  the  frequent  presence  of  black  oxide  of  manganese  in  the  rich 
superficial  gold  veins  traversing  felspathic  ash  and  trap  in  the  Organos 
district,  Tohma,  U.S.  Colombia. 

Some  small  veins  of  manganese  occur  in  Sardinia,  traversing  trachytic 
tufa,  but  they  are  of  no  commercial  value. §  In  the  trachytic  conglo- 
merate or  tufa  of  Konigswinter  on  the  Rhine  small  veins  of  psilomelane 
are  seen  striking  north-north-west  to  north-west  true  (9  to  11  hours) 
and  dipping  south-west  75  degs.  The  ore  is  associated  with  iron  ochre 
and  ehreubergite.  || 

Veins  of  manganese  ore  associated  with  gypsum  occur  in  trachytic 
rocks,  south  of  Mulege,  Lower  California  (see  page  934),  but  up  to  date 
these  veins  have  )iot  been  proved  in  depth. 

*  Arka?isihs  Geohujical  Surrey,  op.  cit.,  page  467. 

f  R.  Brough  Smyth,  Gold-Jicld-'i  and  Mineral  Distrietn  of  Vidturia,  J 869,  pages 
421-2. 

X  See  W.  J.  Henwootl.  Ohservatlons  on  Metalliferous  Deposits  and  on  Sub- 
terranean Te7»j)eraturc,  pages  215,  etc. 

§  See  E.  Halse,  Transactions  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  vol.  xxxiv.,  1885,  table,  page  151. 

II  Dr.  Carl  Zerrener,  op.  cit.,  pages  58,  59. 
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From  the  above  review  it  may  fairly  be  concluded — 

1.  That  veins  of  manganese  ore,  although  not  of  frequent  occur- 

rence, are  known  in  ordinary  stratified,  metamorphic,  volcanic, 
and  plutonic  rocks  {e..rj,,  limestone,  dolomite,  slate,  mica-schist, 
quartzite,  melaphyre,  trachyte,  porphyry,  trappean  ash,  and 
granite)  of  various  ages  (e.^.,  Tertiary,  Triassic,  Lower  Car- 
boniferous, and  Lower  Silurian). 

2.  That  veins  of  manganese  ore  are  generally  very  irregular  in 

their  filling,  both  horizontally  and  vertically. 

3.  That  when  manganese  ore  forms  the  chief  constituent  of  a  vein 

it  is  as  a  rule  associated  with  little  or  no  gangue. 

4.  That  it  often  forms  part  of  the  gangue  of  silver  and  gold  veins, 

and  is,  when  not  superabundant,  considered  a  good  indication 
for  the  precious  metals. 

5.  That  down  to  the  water-level  of  the  country  the  ores  most 

prevalent  are  black  oxides,  which  below  that  level,  probably  in 
all  cases,  giAe  place  to  the  pink  carbonate  or  the  silicate  of 
manganese. 

6.  That,  commercially  speaking,  veins  of  manganese  ore  do  not 

go  down  to  any  great  depth  (probably  not  much  deeper  than 
about  300  feet  vertical). 

7.  That,  generally,  manganese  veins  run  north  and  south,  or  as 

north-east  or  north-west  "  caunters." 

8.  That  manganese  ore  as  a  rule  does  not  occur  as  the  main  filling 

of  true  fissure  veins,  but  rather  as  filling  gash  or  superficial 
veins,  and  coating  the  joints  and  bedding-planes  of  rocks, 
occasionally  forming  pockets  or  bunches  and  stockworks. 

9.  That  manganese  and  iron  ores  (earthy  brown  oxide  and  htematite) 

are  in  many  cases  contemporaneous,  are  often  intimately 
associated,  and  although  they  sometimes  occur  mixed  together 
mechanically,  there  is  usually  a  tendency  for  the  ores  to  occur 
in  separate  layers,  bauds,  patches,  or  nodules  in  the  same 
section  of  a  vein,  joint,  or  plane,  or  in  separate  and  parallel 
veins. 
10.  That  in  certain  instances  hydrated  oxide  of  iron  has  replaced 
psilomelane  partially  or  entirely,  and  in  certain  other  instances 
manganese  ore  and  silica  appear  to  have  been  originally  de^ 
posited  together,  although  subsequently  the  former  mineral  has 
been  dissolved  out,  leaving  cellular  crystals  of  quartz  and  clay. 
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APPENDICES. 


I. -BAEOMETER,  THERMOMETER,  Etc.,  READINGS  FOR 
THE  YEAR  1891. 


By   M.   WALTON    BROWN. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by 
permission  of  the  authorities  of  the  Glasgow  and  Kew  Observatories,  and 
give  some  idea  of  the  variations  of  temperature  and  of  atmospheric  pressure 
in  the  intervening  districts  in  which  the  mining  operations  of  this  country 
are  chiefly  carried  on. 

The  barometer  at  Kew  is  3-4  feet,  and  at  Glasgow  is  180  feet,  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea-level,  by  the  addition  of  "150  inch  to  each  reading,  and  the 
barometer  readings  at  both  observatories  are  reduced  to  32  degs.  Fahr. 

The  fatal  explosions  in  collieries  are  obtained  from  the  annual  reports 
of  H.M.  Inspectors  of  Mines,  and  are  printed  upon  the  diagrams  (Plates 
LXIX.,  LXX.,  LXXL,  and  LXXII.)  recording  the  meteorological 
observations. 
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JANUARY,  1891. 
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29-619 

29-488 

29-422 

29-5-26 

45-4, 

39-1 

SE 

30 

29-917 

30-023   30-086 

30-118 

49-8 

38-7 

SW 

30 

29-599 

29  720 

29-769 

29-746 i 

43-6  1 

39-6 

SSW 

31 

29-985 

29-991   30-000 

29-934 

51-4 

43-0 

SW 

31 

29-503 

29-211 

29-468   29-728143-8  1 

38-8 

SW 

FEBRUARY,  1891. 


1 

29-S60 

30-110 

1 
30-354 

2 

30-566 

30-634 

30-600 

3 

30-559 

30-588 

.30-548 

4 

30-569 

30-640 

30-660 

5 

30-674 

30-669 

30-631 

6 

30-607 

30-614 

30-579 

7 

30-526 

30-517 

30-440 

8 

30-388 

30-400 

30-377 

9 

30-387 

30-364 

30-326 

10 

30-325 

30-361 

30-337 

11 

30-343 

30-295 

30-216 

12 

30-179 

30-317 

30-342 

13 

30-395 

30-478 

30-546 

14 

30-661 

30  055 

30-590 

15 

30-590 

30-006 

30-557 

16 

30-582 

30-638 

30-602 

17 

30-648 

30-657 

30-604 

18 

30-635 

30-674 

30-626 

19 

30-584 

30-548 

30-449 

20 

30-368 

30-369 

30-313 

21 

30-339 

30-336 

30-307 

22 

30-333 

30-377 

30-303 

23 

30-4<Jl 

30-472 

30-455 

24 

30-487 

30-526 

30-438 

25 

30-330 

30-296 

30-1-26 

26 

29-986 

29-956 

29-909 

27 

30-079 

30-173 

30-190 

28 

30-247 

30-272 

30-195 

47-0 
47-8 
48-0 

47-8 


30-530 
30-607 
30-561 
30-699 
30-640  :  45-6 
30-591  1  44-6 
30-430  I  43  2 
30-393  42-0 
30-346  I  38-8 
30-353  1 42-8 
30-163  '  47-1 


45-6 
44-7 
43-9 
50-8 
50-8 
48-4 


30-385 
30-652 
30-616 
30-580 
30-645 
30-629 
30-628  1  33-5 
30-430  '  36-6 
30-339  I  38-4 
30-324  >  30-8 
39-435  43-0 
30-490  33-5 
30-417  '  34-5 
30-080  I  39-9 
30-010  I  55-9 
30-257  56-0 
30-231 ;  57-1 


33-6 

N 

1 

28-7 

SW 

2 

44-2 

WSW 

3 

43-1 

N 

4 

.340 

WNW 

5 

134-1 

NW 

6 

40-1 

NW 

7 

35-6 

NW 

8 

3,5-3 

NNE 

9 

31-0 

SW 

10 

,32-1 

SW 

11 

34-8 

NNE 

12 

31-8 

N 

13 

32-0 

SW 

14 

36-1 

w 

15 

2S-5 

SW 

16! 

,30  0 

SW 

17  1 

27-1 

SW 

18; 

30-7 

E 

19 

33-3 

E 

20  1 

:  .30-9 

N 

21  t 

31-8 

E 

22  1 

28-6 

E 

23 

29-1 

E 

24 

.30-2 

E 

25  1 

25-2 

E 

26 

28-9 

S 

27' 

26-1 

E 

28  1 

29-904 
30-233 
30-169 
.30-530 
30-537 
30-483 
30-372 
30-273 
30-371 
30-148 
29-867 
30-160 
30-371 
30-387 
30-427 
30-400 
30-534 
30-526 
30-493 
30-317 
30-242 
30-158 
30-232 
30-295 
30-164 
29-925 
30-013 
30-096 


30-126 
30-233 
30-177 
30-595 
30-550 
30-480 
30  355 
30-399 
30-313 
30-122 
29-825 
30-227 
30-502 
30-4-27 
30-4:31 
30-472 
30-539 
30-553 
30-475 
30-316 
30-235 
30-167 
3U-293 
30-339 
30-098 
29-881 
30-151 
30-001 


1  30-229 
I  30-202 
I  30-210 
I  30-.569 
'  30-504 
130-444 
30-259 
30-407 
30-206 
30-051 
29-650 
30-268 
30-475 
30-412 
30-39.1 
30-486 
30-522 
30-531 
30-371 
30-229 
30-194 
30-164 
30-278 
30-279 
29-989 
29-814 
30-139 
29-859 


30-269  I  44-1 
30-212  48-6 


30-432 

30-559 

30-534 

30-431 

30-233 

30-437 

30-191 

29-949 

29-904 

30-311 

30-436 

30-451 

30-3S6 

30-532 

30-531 

30-549  I  45-8 

30-350  '  48-4 


49-8 
46-0 
46-7 
48-2 
46-1 
43-5 
41-0 
43-7 
49-3 
42-4 
41-1 
49-1 
49-4 
46-2 
45-3 


43-1 
41-2 

50-3 


30-221 
30-201 
30-238 
30-295  I  55-6 
30-244  52-0 
29-980  50-6 
29-913 
30-167 
29-875 


49-0 
42-3 
47-2 


34-7 

WSW 

41-2 

SW 

42-7 

SW 

42-1 

WSW 

40-4 

SW 

43-7 

SW 

43-0 

SV/ 

.33-8 

W 

,31-5 

WSW 

,35-8 

SW 

.38-7 

WSW 

32-0 

WNW 

35-4 

ENE 

41-2 

W 

40-2 

SW 

.39-5 

WSW 

41-9 

SW 

.38-5 

SW 

,31-8 

WNW 

.30-0 

E 

31-4 

NNE 

,35-6 

ENE 

40-7 

ESE 

39-6 

N 

,35-6 

NNE 

,34-2 

ENE 

29-2 

N 

33-8 

WSW 

BAROMETER,    THERMOMETER,    ETC.,   READINGS.    1891. 
MARCH,  1891. 


323 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 

-sg 

Barometer. 

Tempera- 

■sg 

ture. 

§1 

ture. 

§s 

i 

4  a.m. 

10  A.M. 

4  P.M. 

10  P.M 

Max 

Miu. 

•7-t  +3 

6 

4  A.M. 

10  a.m. 

4  P.M.    10  P.M. 

Max 

Min. 

■43 -g 

5  a 

fi 

flS 

p 

fl> 

1 

30-205 

30-228 

30-156 

30-151 

53-0 

40-6 

wsw 

1 

29-889 

29-892 

29-821 1  29-765 

55-3 

46-9 

W 

2 

30-076 

.30-092 

30-034 

30-098 

65-9 

42-0 

sw 

2 

:.9-740 

29-808 

29-763 

29-772 

48-8 

34-2 

WNW 

3 

30-138 

30-259 

30-319 

30-405 

48-5 

36-4 

NW 

3 

29-824 

29-968 

30-048   30-128 

42-9 

33-0 

NW 

4 

30-388 

30-328 

30-241 

30-235 

52-2 

3'>-7 

w 

4 

29-941 

29-871 

29-819 

29-920 

50-3 

3S-6 

SW 

5 

30-221 

.30-282 

30-207 

30-205 

55-7 

43-0 

w 

5 

29-879 

29-877 

29-820 

29-727 

47-1 

42-7 

w 

6 

30-128 

30-056 

29-904 

29-855 

53-6 

39-4 

sw 

6 

•29-606 

29-621 

29-635 

29-597 

46-6 

33-2 

WNW 

7 

29-742 

29-708 

29-662 

29-623 

50-5 

43-0 

sw 

7 

29-564 

29-611 

29-627 

29-644 

34-8 

282 

NW 

8 

29-531 

29-552 

29-558 

29-627 

43-0 

34-4 

NNW 

8 

29-661 

29-707 

29-720 

29-798 

35-7 

24-0 

NNE 

9 

29-693 

29-769 

29-693 

29-531 

38-2 

29-9 

ME 

9 

29-855 

29-900 

29-822 

29-744 

361 

20-0 

SW 

10 

29-366 

29-379 

29-283 

29-222 

34-3 

29-9 

NE 

10 

29-660 

29-592 

29-527 

29-516 

34-6 

22-1 

W 

11 

29-212 

29-296 

29-4)1 

29-554 

.38-7 

31-3 

N 

11 

29-482 

29-510 

29-551 

29-629 

39-3 

26-0 

ESE 

12 

29-638 

29-7(9 

29-686 

29-730 

38-2 

23-9 

N 

12 

29-614 

29-689 

29-683 

29-791 

41-4 

23-3 

N 

13 

29-717 

29-746 

29-7-29 

29-781 

43-8 

34-9 

NE 

13 

29-827 

29-906 

29-882 

29-915 

40-6 

25-9 

SSE 

U 

29-762 

29-784 

29-764 

29-786 

43-4 

36-2 

N 

14 

29-886 

29-855 

29-754 

29-676 

41-0 

25-7 

S 

15 

29-732 

29-603 

29-336 

29-265 

44-7 

31-4 

S 

15 

29-412 

29-175 

29-077 

29-185 

38-1 

34,-6 

SE 

16 

29-256 

29-343 

29-397 

29-485 

47-2 

36-3 

S 

16 

29-259 

29-429 

29-547 

29-642 

38-8 

35-9 

E 

17 

29-499 

29-536 

29-526 

29-586 

47-2 

39-1 

NE 

17 

29-678 

29  763 

29-808 

29-952 

41-0 

34-8 

NE 

18 

29-687 

29-767 

29-736 

29-804 

47-2 

36-9 

NE 

18 

.30-014 

30-073 

29-992 

29-972 

43-6 

35-0 

ESE 

19 

29-793 

29-834 

29-863 

29-904 

44-6 

.35-7 

N 

19 

29-963 

29-979 

29-923 

29-867 

43-1 

34-4 

NNE 

20 

29-836 

29-757 

29-705 

29-803 

45-2 

33-3 

W 

20 

29-732 

29-835 

29-905 

29-944 

45-0 

35-9 

NE 

21 

29-784 

29-814 

29-845 

29-974 

41-1 

29-8 

JM 

21 

2y-937 

29-923 

29-890 

29-942 

47-7 

34-0 

NW 

22 

29-986 

30-006 

29-960 

29-999 

43-0 

26-0 

WNW 

22 

29-932 

29-943 

29-897 

29-897 

44-6 

36  8 

WSW 

23 

30-0C3 

30-057 

29-995 

29-990 

42-2 

30-9 

s 

23 

29-836 

29-792 

29-700 

29-633 

45-9 

36-8 

sw 

24 

29-902 

29-862 

29-781 

29-725 

49-5 

350 

sw 

24 

29-563 

29-542 

29-406 

29-315 

42-8 

36-0 

sw 

25 

29-668 

29-688 

29-6.^9 

■29-541 

54-9 

44-8 

WSAV 

25 

29-277 

29-213 

29-061 

29-001 

43-1 

34-0 

sw 

26 

29-5-14 

23-623 

29-653 

29-782 

471 

35-0 

W 

26 

29-1-16 

29-284 

29-454 

29-518   41-7 

32-2 

WNW 

27 

29-802 

29-779 

29-660 

29  647 

4i-9 

33-7 

WSW 

27 

29-490 

29-468  '  29-406 

29-5-40   42-9 

32-9 

WNW 

28 

29-585 

29-718 

29-761) 

29-798 

48-1 

35-3 

NW 

28 

29-678 

29-766 

29-696 

29-580   43-7 

39-2 

WNW 

29 

29-735 

29-725 

29-728 

29-710 

51-2 

37-0 

NW 

29 

29-600 

29-684 

29-66^ 

29-718   42-7 

32-0 

WNW 

30 

29-720 

29-737 

29-807 

29  911 

4i7 

33-0 

KW 

30 

29-726 

29-8:i3  ' 

29-895 

29-947 

42-9 

31-3 

NNW 

31 

29-965 

30-004 

29-767 

29-957 

45-9 

29  9 

N 

31 

29-960 

29-960 j 

29-909 

29-904 

41-0 

28  2 

ESE 

APRIL,  1891. 


1 

29-931 

29-909 

29-850  ,  29-852 

49-6 

27-0 

S 

1 

29-863 

29-821 

29-733 

29-721 

45-9 

30-2 

fcjE 

2 

29-784 

29-759 

29-686 

29-644 

47-1 

35-3 

S 

2 

29-666 

29-684 

29-714 

29-728 

42-0 

35-8 

E 

3 

29-566 

29-582 

29-603 

29-678 

49-2 

38-8 

NE 

3 

29-677 

29-680 

29-641 

29-612 

40-9 

35-0 

ESE 

4 

29-678 

29-678 

29-564 

29-537 

54-3 

41-2 

SE 

4 

29-592 

29-565 

29-552 

29-558 

43-7 

39-0 

ESE 

5 

29-540 

29-536 

29-511 

29-600 

54-6 

40-0 

S 

5 

29-534 

29-555 

29-585 

29-622 

41-5 

38-4 

E 

6 

29-629 

29-662 

29-627 

29-620 

54-7 

40-0 

SW 

6 

29-652 

29-730 

29-780 

29-851 

40-5 

35-7 

ENE 

7 

29-626 

29-686 

29-765 

29-902 

43-8 

37-0 

N 

7 

29-882 

29-965 

29-997 

30-073 

43-2 

35-0 

NE 

8 

29-909 

29-891 

29-847 

29-807 

46-3 

33-7 

NW 

8 

30-068 

30-100 

30-089 

30-131 

46-0 

32-2 

NNE 

9 

29-870 

29-961 

30-014 

30-087 

43-4 

37-9 

N 

9 

30-137 

30-176 

30-164 

30-206 

45-2 

38-2 

NE 

10 

30-106 

30-122 

30-105 

30-133 

50-2 

37-4 

NNE 

10 

30-162 

30-158 

30-119 

30-116 

49-9 

38-5 

SE 

11 

30-103 

30-093 

30-032 

30-105 

-46-7 

36-1 

NE 

11 

30-124 

30-146 

30-142 

30-220 

51-7 

36-6 

SSE 

12 

30-105 

30-114 

30-102 

30-119 

47-1 

34-9 

NNE 

12 

30-211 

30-192 

30-090 

30-053 

46-3 

38-3 

E 

13 

.30-056 

30-048 

30-033 

30-090 

45-9 

36-2 

NE 

13 

30-008 

30-020 

30-038 

30-090 

45-2 

35- i 

NE 

14 

30-100 

30-110 

30-098 

30-150 

490 

33-2 

N 

14 

30-103 

30-116 

30-083 

30-097 

50-6 

37-4 

NW 

15 

30-152 

30-175 

30-149 

30-183 

54  8 

39-9 

NW 

15 

30-075 

30-057 

30-046 

30-040 

.■^1-0 

36-5 

WNW 

16 

30-183 

30-158 

30-071 

30-056 

54-9 

41-4 

WSW 

16 

29-965 

29-919 

29-936 

30-070 

51-5 

.39-8 

NW 

17 

30-076 

30-134 

30-133 

30-169 

52-8 

3£-8 

NNW 

17 

30-110 

30-133 

30  094 

30-123 

53-8 

34-5 

WSW 

18 

30-166 

30-167 

30-123 

30-162 

54-8 

32-8 

N 

18 

30-138 

30-159 

30-136 

30-191 

52-9 

35-4 

ENE 

19 

30-160 

30-190 

.30-167 

30-226 

47-1 

35-2 

NE 

19 

30-213 

30-227 

30-220 

30-278 

49-6 

36-5 

ENE 

20 

30-222 

30-267 

30-243 

30-263 

49-9 

38-0 

NE 

20 

30-299 

.30-341 

30-311 

30-356 

52-2 

36-0 

ENE 

21 

30-228 

30-215 

30-150 

30  155 

54-1 

37-8 

ENE 

21 

30-354 

30-341 

30-283 

30-284 

49-2 

33-4 

E 

22 

30-124 

30-097 

30-026 

30-037 

51-3 

38-6 

NE 

22 

30-255 

30-232 

30-198 

30-252 

49-0 

37-3 

E 

23 

30-032 

30-049 

30-022 

30-106 

55-1 

39-9 

E 

23 

30-269 

30-266 

30-254 

30-281 

49-6 

37-5 

E 

24 

30121 

30139 

30-116 

30-156 

53-8 

35-6 

NE 

24 

30-276 

30-286 

30-236 

30-219 

49-8 

40-8 

ENE 

25 

30-133 

30-132 

30068 

30-061 

48-4 

371 

N 

25 

30-178 

30-147 

30-051 

30-026 

53-8 

38  2 

W 

26 

30-002 

29-987 

29-889 

29-886 

50-5 

32-7 

ENE 

26 

29-961 

29-911 

29-839 

29-806 

53-0 

34-5 

WSW 

27 

29-809 

29-747 

29-623 

29-586 

59-2 

32-5 

E 

27 

29-746 

29-693 

29-574 

29-500 

52-9 

36-4 

sw 

28 

29-523 

29-541 

29-568 

29-711 

62-4 

40-4 

NW 

28 

29-441 

29-506 

29-536 

29-605 

49-1 

37-5 

NW 

29 

29-759 

29-761 

29-686 

29-654 

54-1 

38-9 

SSW 

29 

29-568 

29-502 

29-398 

29-353 

45-9 

37-8 

s 

30 

29-614 

29-681 

29-734 

29-745 

61-0 

47-9 

sw 

30 

29-371 

29-421 

29-416 

29-363 

55-4 

41-9 

sw 

324  BAK0:^1ETER,    THERMOMETER,    ETC.,    READINGS,    1891. 

MAY,  1891. 


KEW. 

GLASGOW. 

BAROMETEn. 

Tempera- 
ture. 

11 

Barometer. 

Tempera- 
ture. 

o  o 

§2 

i 

4  a.m. 

10  a.m. 

4  P.M. 

1 
IIOp.m. 

Max  Min. 

'-g  •« 

u  a 

6 

4a.m. 

10  a.m. 

4  p.m. 

10  p.m. 

Max 

Min. 

11 

fi 

1 

'a% 

ft 

q'% 

1 

29-664 

29-541 

29-502 

29-602 

58-7 

50-2 

s 

1 

29-247 

29-125 

29-068 

29-184 

54-3 

44-1 

sw 

2 

29626 

29-622 

29-661 

29-788 

56-3 

40-4 

sw 

2 

29-293 

29-493 

29-561 

29-626 

46-6 

39-0 

w 

3 

29-868 

29-915 

29-896 

29-920 

56-1 

37-2 

w 

3 

29-648 

29-634 

29-626 

29-689 

50-4 

37-7 

SW 

4 

29-914 

29-963 

30-012 

30-071 

59-2 

42-8 

WNW 

4 

29-757 

29-880 

29-945 

30-033 

55-0 

36-3 

w 

5 

30-087 

30-137 

30-095 

.30-122 

5:i-l 

43-8 

E 

5 

30-058 

30-060 

30-020 

.30-046 

58-9 

3S-8 

S 

6 

30  089 

30-089 

29-993 

30-013 

61-0 

38-9 

N 

6 

30022 

30-040 

29-981 

29-961 

57-0 

46-7 

SSE 

7 

29-956 

29-929 

29-817 

29-74S 

65-3 

45-5 

NNW 

7 

29-885 

29-848 

29-734 

29-617 

58-0 

44-2 

s 

8 

29-629 

29-551 

29-495 

29-559 

61-3 

43-8 

SSE 

8 

29-510 

29-574 

29-675 

29-811 

50-1 

42-4 

ENE 

9 

29-636 

29-727 

29-723 

29-738 

53-9 

46-3 

N 

9 

29-883 

29-961 

29-984 

30-046 

59-6 

46-5 

£ 

10 

29-711 

29-774 

29-798 

29-869 

51-4 

47-0 

N 

10 

30-047 

30-063 

30062 

30-125 

61-1 

43-5 

E 

11 

29-911 

29-980 

30-018 

30-144 

69-9 

48-1 

N 

11 

30144 

30-218 

30-211 

30-249 

62-4 

42-9 

ESE 

12 

30184 

30-200 

30-163 

30-204 

748 

46-2 

N 

12 

30-247 

30-222 

30-184 

30-209 

69-9 

44-4 

WNW 

13 

30-165 

30-135 

30-056 

30-088 

75-9 

51-2 

NNW 

13 

30-171 

30-114 

30-064 

30-105 

59-3 

45-9 

WSW 

14 

30-074 

30-044 

29-921 

29-908 

66-0 

48-3 

NNW 

14 

30-056 

29-943 

29-823 

29-715 

53-9 

39-4 

w 

15 

29-SOl 

29-679 

29-590 

29-637 

54-3 

40-5 

W 

15 

29-515 

29-479 

29-606 

29-706 

51-2 

38-9 

NW 

16 

29-707 

29-738 

29-730 

29-770 

48-6 

35-6 

NNW 

16 

29-757 

29-793 

29-745 

29  715 

45-2 

33-6 

NNW 

17 

29-745 

•29-692 

29-582 

29-515 

50-1 

32  2 

■WNW 

17 

29-591 

29-513 

29-431 

29-406 

49-7 

33-2 

NW 

18 

29-342 

■29-267 

29-382 

29-509 

43-0 

38-1 

N 

18 

29-385 

29-410 

29-419 

29-445 

52-7 

38-7 

N 

19 

29-542 

29-547 

29-596 

29-704 

55-2 

34-3 

wsw 

19 

29-386 

29-404 

29-471 

29-575 

54-0 

39-9 

ENE 

20 

29-711 

29-689 

29-623 

29-581 

55-3 

40-7 

wsw 

20 

29-593 

29572 

29-555 

29-559 

51-7 

38-0 

S3W 

21 

29-467 

29-3S3 

29-403 

29-468 

48-3 

42-3 

N 

21 

29-566 

29-585 

29-569 

29-599 

54-8 

39-5 

K, 

22 

29-487 

29-573 

29-637 

29-689 

56-1 

44-1 

•w 

22 

29-586 

29-602 

20-5P4 

2ri'h2o 

54-3 

37-1 

NW 

23 

29-713 

29-728 

29-680 

29-682 

59-9 

44-1 

sw 

23 

29-619 

29-581 

•J;'-ti 

< 

3S-5 

WSW 

24 

29-621 

29-590 

29-552 

29-611 

61-4 

43-7 

E 

24 

29-737 

29-822 

7 

4-J-3 

ENE 

25 

29-641 

29-699 

29-723 

29-756 

46-8 

40-9 

NNW 

25 

29-858 

29-a31 

-:'77  1 

■  1 

39-3 

NE 

26 

29-705 

29-675 

29-626 

29-613 

54-9 

40-6 

WSW 

26 

29-745 

29-700 

2;V63r 

2U-U10 

51-7 

41-2 

NE 

27 

29-583 

29-576 

29-596 

29-620 

540 

41-3 

SW 

27 

29-535 

29-488 

29-461 

29-4.85 

53-0 

43-4 

ENE 

28 

29-6-24 

29  645 

29-053 

29-696 

57-1 

4:3-2 

s 

28 

29-468 

29-461 

29-463 

29-493 

55-0 

45-0 

SW 

29 

29-694 

29-742 

29-738 

29722 

61-8 

44-0 

s 

29 

29-458 

29-470 

29-530 

29-603 

54-6 

44-.) 

SSE 

30 

29-699 

29-760 

29-771 

29-855 

65-0 

47-3 

SSE 

30 

29-607 

29-653 

29-693 

29-786 

60-9 

44-2 

S 

31 

29-864 

29-888 

29-853 

29-894 

70-2 

39-3 

SSE 

31 

29-822 

29-836 

29-786 

29-851 

61-6 

44-4 

ENE 

JUNE,  1891. 


ij 

29-878 

29-a50 

29-747 

29-724 

70-0 

51-1 

E 

1 

1 
29-887 

29-940,29-902 

29-927  1 62-4 

46-3 

ENE 

2! 

29-771 

29-871 

29-855 

29-863 

64-4 

52-3 

W 

2 

29-876 

29-853 

29-8&3 

29-977   64-3 

47-2 

ENE 

3    29-837 

29-832 

29-775 

•29-786 

69-1 

54-1 

NNE 

3 

29-988 

29-987 

29-952 

29-974   57-6 

45-6 

K 

4 

•29-721 

29-703 

29-700 

29-770 

67-1 

54-5 

E 

4 

29-921 

29-912 

29-903 

29-946   55-0 

44-6 

E 

6 

29-816 

29-882 

29-893 

29-962 

680 

50-1 

SW 

5 

29-983 

30-049 

30-086 

30-135   56-1 

44-3 

NE 

6 

29-941 

29-918 

29-882 

29-913 

63-4 

51-0 

ENE 

6 

30-139 

30-1-2.5 

30-101 

30-105   55-6 

43-2 

NE 

7 

29-892 

29-891 

29-860 

29-892 

56-2 

47-2 

NE 

7 

30-066 

30-058 

30-C39 

30-090   57-1 

40-5 

NE 

8 

29-875 

29-866 

29-853 

29-872 

61-4 

46-4 

NNE 

8 

30-078 

30-115 

30-100 

30-145   55-0 

44-7 

E 

9 

29-851 

29-886 

29-914 

29-943 

58-9 

46-2 

N 

9 

30-099 

30  033 

29-904 

29-900   64-1 

45-6 

ssw 

10 

29-928 

29-953 

29-975 

30-071 

65-3 

42-3 

WNW 

10 

■29-932 

29-981 

30-010 

30-115   62-3 

44-8 

E 

11 

30-094 

30152 

30-166 

30-222 

60-9 

45-2 

N 

11 

30131 

30-140 

30-113 

.30-203   6S-7 

41-0 

WNW 

12 

30-258 

30-365 

30-377 

30-397 

63  1 

42-7 

N 

12 

30-279 

30-306 

30-277 

30-287   67-0 

441 

WSW 

13 

30-384 

30-331 

30-225 

30-203 

73-0 

43-0 

WNW 

13 

30-235 

30-186 

.30-138 

30-125   56-8 

45-7 

sw 

14 

30-175 

30-169 

30-093 

30-060 

68-1 

52-7 

NW 

14 

30-079 

30-062 

30-027 

29-982    57-7 

49-4 

WNW 

15 

30-012 

29-987 

29-887 

29-890 

67-1 

49-0 

SW 

15 

29-878 

29-814 

29-788 

29-846   58-5 

48-2 

WNW 

16 

29-974 

30-071 

30-133 

30-199 

66-6 

49-1 

NNW 

16 

29-917 

30-004 

30-047 

30-058   62-0 

510 

W 

17 

30-235 

30-265 

30-250 

30-284 

73-8 

48-2 

NW 

17 

30-033 

30-048 

30-068 

30-099   63-2 

55-2 

SW 

18 

30-285 

30-297 

.30-260 

30-283 

75-9 

550 

NW 

18 

30-091 

30-139 

30-157 

30-221   63-1 

56-4 

SW 

19 

30-276 

30-275 

30-241 

30-276 

741 

52-9 

NW 

19 

30-228 

30-281 

30-258 

30-277 

70-7 

56-7 

w 

20 

30-266 

31-286 

30-246 

30-269 

68-8 

52-6 

NNE 

20 

30-299 

30-302 

30-266 

30-301 

77-5 

52-4 

N 

21 

30-256 

30-247 

30-154 

30-148 

691 

51-0 

N 

21 

30-311 

30-302 

30-258 

30-292 

72-8 

50-5 

ENE 

22 

30-110 

30-072 

30-007 

29-988 

73-1 

54-6 

NE 

22 

30-.309 

30-290 

30-260 

30-285 

73-1 

49-7 

E 

23 

29-942 

i  29-916 

29-841 

29-834 

63-1 

56-2 

NE 

23 

30-271 

30-221 

30-158 

30-124 

74-1 

51-0 

ENE 

24 

29-852 

29-866 

29-869 

29-876 

72-6 

57-9 

E 

24 

30-038 

30-066 

30012 

30-080 

69-9 

56-7 

ENE 

25 

29-850 

129-810 

29-765 

29-803 

72-0 

60-3 

NNE 

25 

30-039 

29-969 

29-854 

29-825 

70-7 

56-1 

ENE 

26 

29-811 

1 29-818 

29-809 

29-847 

72-3 

57-3 

SW 

26 

29-782 

29-750 

29-670 

29-645 

65-3 

56-5 

E 

27 

29-854 

29-870 

29-878 

29-939 

70-1 

56-4 

SW 

27 

29-644 

29-631 

29-580 

29-644 

6S-3 

54-4 

SSW 

liS 

29-950 

29-937 

29-874 

29-798 

74-9 

54-0 

S 

28 

29-681 

29-728 

29-660 

29-648 

65-5 

56-2 

S 

29 

29-753 

29-764 

29-748 

29-753 

71-0 

59-9 

ssw 

29 

29-590 

29  546 

29-490 

29-461 

62-7 

52-8 

s 

30 

29-758 

29-797 

29-817 

29-838 

71-0 

58-0 

SW 

30 

29-419 

29-432 

29-455 

29-523 

63-6 

55-5 

SSW 

1 

BAROMETER,    THERMOMETER,    ETC.,   READINGS,   1891. 
JULY,  1891. 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

o  o 
§1 

Barometer. 

Tempera- 

ture. 

O  O 

25 

6 

4  a.m. 

10  a.m. 

4p.m. 

10  p.m. 

Max 

Min. 

"1 
Si 

C3 

4  a.m. 

10  a.m. 

4  P.M.   10  P.M. 

Max 

Min. 

" 

29-741 

29-648 

71-1 

550 

51 

ESK 

ft 

64-8 

54-8 

SW 

1 

29-798 

29-777 

1 

29-569 

29-623 

29-619   29-619 

2 

29-847 

29-867 

29-858 

29-874 

68-6 

52-1 

S\V 

2 

29-606 

29-601 

29-568 

29-560 

64-5 

52-1 

SSW 

3 

29-857 

29-861 

29-846 

29-906 

64-9 

54-3 

WNW 

3 

29-544 

29-648 

29-686 

29-786 

65-5 

51-3 

w 

4 

•29-927 

29-977 

29-976 

30-015 

69-3 

49-6 

SW 

4 

29-815 

29-876 

29-885 

29-890 

62-9 

48-7 

WNW 

5 

29-994 

29-983 

29-876 

29-838 

64-1 

49-1 

S 

5 

29-845 

29-802 

29-686 

29-594 

64-2 

49-9 

SE 

6 

29-810 

29-746 

29-651 

29-680 

68-6 

55-1 

SW 

6 

29-537 

29-494 

29-399 

29-355 

62-1 

51-5 

S 

7 

29-649 

29-660 

29-627 

29-644 

62-9 

52-2 

wsw 

7 

29-355 

29-391 

29-419 

29-527 

64-4 

46-3 

W 

8 

29-613 

29-688 

29-723 

29-839 

66-7 

51-9 

w 

8 

29-590 

29-715 

29-815 

29-921 

61-9 

51-7 

N 

9 

29-886 

29-989 

30-041 

30-108 

65-4 

50-0 

NNW 

9 

29-973 

30-043 

30-046 

30-083 

67-0 

52-0 

W 

10 

30-111 

30-111 

30-055 

30-039 

68-9 

51-0 

w 

10 

.30-069 

30-031 

30-000 

29-995 

63-7 

46-7 

w 

11 

30-025 

30-014 

29-984 

29-999 

68-3 

52-7 

w 

11 

29-931 

29-942 

29-923 

29-915 

59-3 

52-2 

w 

12 

29-993 

30-025 

30-015 

30-058 

70-2 

54-0 

NW 

12 

29-886 

29-929 

29-964 

30-024 

65-2 

54-0 

SW 

13 

30-104 

30-154 

30-202 

30-255 

68-3 

53-0 

ENE 

13 

30-075 

30-146 

30-187 

30-262 

68-2 

53-3 

SW 

14 

30-258 

30-241 

30-J88 

30159 

67-0 

47-2 

iSNE 

14 

30-315 

30-334 

30-311 

30-305 

69-1 

50-6 

ENE 

15 

30-090 

30-030 

29-960 

29-922 

69-8 

53-8 

N 

15 

30-263 

30-164 

30-016 

29-956 

72-5 

52-1 

ENE 

16 

29-875 

29-819 

29-752 

29-791 

77-0 

50-1 

SW 

16 

29-851 

29-785 

29-746 

29-735 

63-2 

53-8 

ESE 

17 

29-792 

29-831 

29-8-39 

29-941 

78-8 

50-9 

S 

17 

29-687 

29-691 

29-718 

29-779 

71-0 

57-4 

SW 

18 

29-933 

29-970 

29-964 

29-985 

70-1 

55-9 

SW 

18 

29-773 

29-752 

29-797 

29-865 

68-7 

54-5 

SSW 

19 

29-962 

29-974 

30-011 

30-073 

65-3 

53-3 

W 

19 

29-828 

29-786 

29-755 

29-793 

68-2 

49-9 

ESE 

20 

30-093 

30-087 

30-054 

30-056 

69-7 

52-0 

SSW 

20 

29-787 

29-807 

29-810 

29-837 

63-5 

55-3 

SW 

21 

30-004 

29-973 

29-897 

29-989 

71-6 

58-1 

SW 

21 

29-814 

29-795 

29-740 

29-722 

66-2 

53-7 

SW 

22 

29-836 

29-854 

29-837 

29-886 

69-0 

54-3 

SW 

22 

29-690 

29-717 

29-726 

29-799 

64-9 

52-0 

WNW 

23 

29-885 

29-903 

29-937 

29-996 

61-3 

53-3 

w 

23 

29-836 

29-908 

29-901 

29-936 

68-5 

531 

WNW 

21. 

30-019 

30  041 

30-033 

30-075 

67-6 

51-9 

w 

24 

29-867 

29-891 

29-917 

29-956 

63-1 

54-1 

WNW 

25 

30-093 

30-118 

30-110 

30133 

70-4 

52-7 

NW 

25 

29-961 

30-001 

30-041 

30-051 

63-8 

53-0 

WNW 

26 

30-106 

30-064 

29-938 

29-807 

76-1 

.50-2 

W 

26 

29-990 

29-961 

29-872 

29-764 

64-0 

54-0 

WSW 

27 

29-728 

29-650 

29-652 

29-770 

65-6 

50-1 

NW 

27 

29-650 

29-661 

29-645 

29-671 

60-2 

49-0 

WNW 

28 

29-796 

29-795 

29-782 

29-792 

62-3 

45-7 

W 

28 

29-658 

29-668 

29-631 

29-599 

59-8 

47-8 

WNW 

29 

29-738 

29-674 

29-577 

29-593 

60-1 

45-9 

SW 

29 

29-506 

29-496 

29-520 

29-588 

64-0 

47-9 

NNW 

■60 

29-585 

29-577 

29-621 

29-706 

60-3 

46-3 

w 

30 

29-055 

29-751 

29-798 

29-8G3 

09-0 

54-7 

NE 

31 

29-731 

29-823 

29-873 

29-948 

63-8 

52-0 

NNW 

31 

29-900 

29-911 

29-895 

29-909 

65-9 

48-0 

W 

AUGUST,  1891. 


1 
1 

29-944 

29-965 

29-936,  29-961 

66-0 

53-1 

W 

1 

29-859   29-822,29-762 

29-736 

67-0 

50-0 

SW 

2 

29-917 

29-872 

29-781 

29-735 

64-4 

54-4 

NW 

2 

29-665 

29-621 

29-572 

29-546 

63-0 

51-5 

SW 

3 

29-629 

29-543 

29-522 

29-566 

62-9 

49-3 

WSW 

3 

29-471 

29-462 

29-461 

29-503 

62-0 

50-1 

NE 

4 

29-559 

29-579 

29-618 

29-655 

62-2 

48-4 

SW 

4 

29-481 

29-569 

29-643 

29-708 

61-9 

51-5 

liNK 

5 

29-692 

29-774 

29-817 

29-927 

67-1 

4S-9 

N 

5 

29-762 

29-818 

29-858 

29-938 

66-5 

52-3 

ENE 

6 

29-967 

30-033 

30-045 

30-098 

62-3 

52-2 

NNW 

6 

29-937 

29-963 

29-972 

29-997 

63-2 

50-0 

W 

1    7 

30-100 

30-108 

30-073   30-098 

65-1 

48-8 

W 

7 

29-959 

29-901 

29-919 

29-933 

63-2 

53-4 

W 

8 

30-107 

30-122 

30-073 

30-047 

70-8 

52-2 

w 

8 

29-898 

29-835 

29-772 

29-748 

62-2 

56-2 

SW 

9 

29-947 

29-883 

29-768 

29-791 

62-1 

56-0 

SSW 

9 

29-671 

29-606 

29-570 

29-603 

62-6 

55-3 

w 

10 

29-774 

29-792 

29-841 

29-961 

66-6 

52-1 

w 

10 

29-655 

29-742 

29-782 

29-856 

65-9 

.52-2 

w 

11 

29-999 

30-017 

29-984 

29-940 

65-9 

51-0 

w 

11 

29-814 

29-713 

29-669 

29-632 

61-0 

51-8 

SSW 

12 

29-799 

29-781 

29-752 

29-870 

71-4 

55-5 

SW 

12 

29-520 

29-438 

29-472 

29-588 

60-2 

52-2 

SW 

13 

29-903 

29-985 

30-004 

30-038 

69-1 

54-1 

WSW 

13 

29-681 

29-802 

29-845 

29-841 

61-8 

51-9 

WNW 

14 

30-033 

30-054 

29-991 

29-991 

73-6 

60-1 

SW 

14 

29-764 

29-757 

29-767 

29  778 

61-6 

54-0 

W 

15 

29-934 

29-874 

29-851    29-897 

69-6 

54-1 

wsw 

15 

29-721 

29-696 

29-707 

29-764 

60-0 

52-5 

w 

16 

29-909 

29-967 

29-966 

29-972 

66-8 

49-8 

w 

16 

29-818 

29-883 

29-874 

29-884 

64-6 

52-0 

s 

17 

29-935 

29-895 

29-789 

29-715 

67-2 

49-4 

s 

17 

29-814 

29-714 

29-599 

29-488 

59-0 

48-8 

E 

18 

29-632 

29-638 

29-631   29-651 

69-7 

56-0 

SW 

18 

29-492 

29-512 

29-473 

29-443 

68-1 

53-6 

SE 

19 

29-631 

29-636 

29-662   29-696 

65-9 

53-5 

s 

19 

-29-417 

29-421 

29-437 

29-497 

65-6 

52-9 

SSE 

20 

:i9-716 

29-713 

29-594   29-347 

63-2 

49-4 

s 

20 

29-512 

29-520 

29-485 

29-474 

61-1 

53-3 

E 

21 

29-152 

29-206 

29-455   29-531 

61-8 

52-0 

w 

21 

29-451 

29-476 

29-521 

29-593 

62-9 

52-0 

N 

22 

29-518    29-505 

29-514   29-597 

62-9 

47-5 

WSW 

22 

29-623 

29-666 

29-710 

29-750 

63-8 

52-2 

NB 

23 

29-649    29-732 

29-735   29-803 

63-9 

52-1 

NW 

23 

29-725 

29-748 

29-720 

29-724 

62-5 

49-0 

N 

24 

29-825 

29-879 

29-851 

29-852 

63-2 

50-7 

WSW 

24 

29-684 

29-638 

29-541 

29-402 

57-0 

47-3 

SW 

25 

29-777 

29-7-22 

29-634 

29-489 

62-1 

54-7 

SSW 

25 

29-230 

29-245 

29-120 

28-866 

58-9 

52-9 

SW 

26 

29-415 

29-580 

29-601 

29-577 

66-8 

60-0 

SW 

26 

28-667 

29-051 

29-270 

29-301 

61-3 

51-9 

WSW 

27 

29-5U0 

29-439 

29-394 

29-434 

61-2 

54-6 

WSW 

27 

29-286 

29-300 

29-229 

29-207 

61-4 

47-5 

SW 

28 

29-581 

29-719 

29-770 

29-861 

65-2 

51-6 

S 

28 

29-252 

29-387 

29-518 

29-643 

58-8 

45-5 

SW 

29 

29-884 

29-942 

29-949 

30-038 

63-4 

46-9 

WSW 

29 

29-696 

29-779 

29-830 

29-939 

59-4 

42-0 

W 

30 

30-063 

.30-077 

29-971 

29-936 

64-1 

42-5 

S 

30 

29-952 

29-929 

29-797 

29-683 

60-5 

41-8 

SSW 

31 

29-783 

29-718 

29-611 

29-481 

63-3 

47-0 

SW 

31 

29-459 

29-334 

29-086 

28-926 

59-8 

60-2 

SSW 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 

CM    Q 

C  O 

Barometer. 

Tempera- 

C  3 

ture. 

.§1 

TUKE. 

2 

4a.m. 

10  a.m. 

4  p.m. 

10  p.m. 

Max 

Min. 

S.     4a.m. 

10  a.m. 

4  p.m. 

10  p.m. 

Max 

Min. 

P 

.S.S 

P 

Pi 

1 

29-417 

29-471 

29-496 

29-624 

64-8 

55-0 

bW 

1  1 28-843 

28-762 

28-762 

29-045 

55-8 

52-5 

SSW 

2 

29-700 

29-790 

29-828 

29-909 

63-7 

53-1 

SW 

2    29-189 

29-367 

29-601 

29-645 

59-1 

49-3 

SW 

3 

29-94:3 

29-995 

29-953 

29-954 

63-8 

48-5 

ssw 

3    29-752 

29-853 

29-856 

29-886 

60-4 

47-0 

SW 

4 

29-978 

.30-039 

30-041 

30-099 

65-6 

50-4 

wsw 

4    29-860 

29-899 

29-893 

29-927 

61-8 

48-5 

SW 

5 

30-099 

30-146 

30-096 

30-106 

65-6 

49-5 

w 

5 

29-903 

29-869 

29-7T9 

29-606 

56-1 

48-4 

SW 

G 

30-043 

29-984 

29-918 

29-918 

62-6 

49-0 

SW 

6 

29-662 

29-540 

29-602 

29-664 

56-9 

49-4 

SW 

7 

29-936 

29-997 

30-005 

30-055 

65-1 

51-9 

bW 

7 

29-749 

29-849 

29-889 

29-955 

59-7 

47-1 

WKW 

8 

30-069 

30-113 

30-108 

30-156 

70-4 

61-7 

s 

8 

29-935 

29-949 

29-969 

30-009 

55-7 

46-9 

ENE 

9 

30-148 

30-166 

30-136 

30-146 

75-4 

48-0 

s 

9 

29-983 

29-997 

29-983 

30-028 

65-2 

55-5 

s 

10 

30-137 

30-142 

30  091 

30-108 

76-4 

50-5 

ESB 

10 

30-026 

30-035 

29-984 

30-045 

71-7 

53-1 

ssw 

11 

30-108 

30-121 

30-082 

30-103 

76-1 

47-9 

E 

11 

30-061 

30-082 

30-024 

30-0-22 

69-8 

67-1 

NW 

12 

30-093 

30-084 

30-010 

30-010 

78-3 

48-0 

ESB 

12 

30-006 

30-009 

29-971 

29-957 

71-1 

53-3 

SW 

13 

29-935 

29-884 

29-789 

29-772 

78-5 

50-4 

E 

13 

29-888 

29-866 

29-734 

29-688 

72-2 

49-2 

NE 

14 

29-699 

29  715 

29-760 

29-996 

66-9 

50-0 

S 

14 

29-633 

29-670 

29-706 

29-801 

68-3 

48-0 

WSW 

15 

30-100 

30-143 

30-1.35 

30-259 

64-0 

43-9 

SW 

15 

29-874 

29-996 

30-040 

30-066 

67-9 

47-9 

wsw 

16 

30-284 

30-314 

30-261 

30-237 

61-0 

43-8 

WSW 

16 

30-059 

30-057 

30-007 

29-917 

60-9 

64-3 

wsw 

17 

30-175 

30-148 

30-052 

30-008 

64-5 

61-1 

wsw 

17 

29-833 

29-805 

29-749 

29-719 

68-2 

55-3 

SW 

18 

29-912 

29-924 

29-926 

29  980 

68-6 

68-0 

SW 

18 

29-649 

29-603 

29-695 

29-730 

61-1 

52-8 

wsw 

19 

29-974 

3U-003 

29-973 

29-941 

64-2 

69-4 

ssw 

19 

29-759 

29-821 

29-841 

29-852 

69-0 

60-6 

w 

20 

29-819 

29-705 

29-657 

29-709 

65-2 

52-0 

SW 

20 

29-777 

29-752 

29-696 

29-714 

.66-0 

48-3 

NE 

21 

29-722 

29-709 

29-596 

29-560 

59-7 

47-9 

wsw 

21 

29-675 

29-7ti3 

29-750 

29-839 

.^0-6 

47-0 

N 

22 

29-606 

29-707 

29-811 

29-942    60-0 

46-7 

NNE 

22 

29-923 

29-977 

30-003 

30-062 

54-5 

43-0 

ENE 

23 

30-011 

30-103 

30-163 

.30-207   60-1 

45-4 

N 

23 

30-065 

30-108 

30-065 

30-069 

65-9 

40-0 

ESE 

24 

30-198 

30-195 

30-173 

30-212 

62-0 

42-4 

s 

24 

29-976 

29-901 

29-874 

29-969 

60-1 

50-1 

SS»V 

25 

30-185 

30-209 

30-143 

30-091 

66-7 

53-7 

ssw 

25 

29-995 

30-013 

29-843 

29-631 

60-0 

48-9 

sw 

26 

29-939 

29-827 

29-822 

29-862 

62-6 

52-9 

SW 

26 

29-449 

29-351 

29-355 

29-327 

66-7 

49-8 

SW 

27 

29-833 

29-941 

30-019 

30-135 

61-1 

'18-8 

w 

27 

29-406 

29-609 

29-756 

29-838 

■56-0 

47-9 

w 

28 

30-130 

30-145 

30-095 

30  096 

65-1 

44-6 

SW 

28 

29-760 

29-698 

29-655 

29-606 

69-7 

60-8 

SW 

29 

30-009 

29-973 

29-878 

29-873 

66-3 

47-0 

ssw 

29 

29-608 

29-592 

29-571 

29-690 

59-3 

51-2 

SW 

30 

29-872 

29-t97 

29-821 

29-752 

64-0 

51-7 

ssw 

30 

29-415 

29-402 

29-396 

57-8 

49-0 

s 

OCTOBER,  1891. 


1 

29-638 

29-582 

29-661 

29-658 

2 

29-775 

29-864 

29-920 

30-050 

3 

30-132 

30-213 

30-218 

.30-262 

4 

30-231 

30-235 

30-147 

30-133 

5 

30-004 

29-908 

29-732 

29-627 

6 

29-459 

29-374 

29-288 

29-371 

7 

29-416 

29-570 

29-626 

29-690 

8 

29-707 

29-813 

29-780 

29-694 

9 

29-588 

29-651 

29-733 

29-830 

10 

29-827 

29-766 

29-688 

29-684 

11 

29-655 

29-626 

29-335 

29-278 

12 

29-333 

29-389 

29-413 

29-441 

13 

29-396 

29-414 

29-100 

29-036 

14 

29-139 

29-455 

29-629 

29-746 

16 

29-586 

29-495 

29-622 

29-746 

16 

29-640 

29-550 

29-582 

29-611 

17 

29-656 

29-801 

29-572 

29-973 

18 

30-013 

30-087 

29-995 

29-847 

19 

29-611 

29-432 

29-472 

29-539 

20 

29-625 

29-503 

29-395 

29-335 

21 

29-225 

29-226 

29-224 

29-238 

22 

29-142 

29-094 

29-188 

29-182 

23 

29-205 

29-376 

29-536 

29-631 

24 

29-651 

29-735 

29-764 

29-793 

25 

29-777 

29-771 

29-722 

29-718 

26 

29-703 

29-734 

29-734 

29-809 

27 

29-870 

29-968 

30-010 

30-072 

28 

30-092 

30-130 

.30-144 

30-220 

29 

30-279 

30-359 

30-368 

30-460 

30 

30-496 

30-673 

30-664 

30-615 

31 

30-620 

30-645 

30-573 

30-546 

63-9 
59-1 
60-1 
62-0 
69-8 
60-4 
58-5 
59-0 
64-3 
60-3 
61-1 
57-8 
59-9 


59-0 
43-2 

38-7 
37-7 
40-2 
49-7 
48-7 
45-3 
47-8 
47-6 
47-6 
42-5 
43-6 


60-1 1  50-1 
57-3  {  44-2 
56-1146-6 
56-7  I  42-1 
56-4142-2 
54-7  45-6 


43-7 
45-9 


57-1 

57-1 
59-6 
59-9  i  45-5 
50-8  48-8 
53-1  40-3 
65-0  1  62-5 


63-1 
50-5 
52-4 
46-9 
45-9 


49-8 
42-9 
38-9 
34-2 
30-9 


s 

1 

w 

2 

wsw 

3 

SSE 

4 

SE 

5 

S 

6 

WSW 

7 

SW 

8 

W 

9 

s 

10 

s 

11 

ssw 

12 

S 

13 

SW 

14 

SW 

15 

ssw 

16 

wsw 

17 

w 

18 

WNW 

19 

ssw 

20 

ssw 

21 

w 

22 

wsw 

23 

wsw 

24 

N 

25 

NE 

26 

ENE 

27 

ENE 

28 

NB 

29 

E 

30 

E 

31 

29-368 
29-460 
29-875 
29-921 
29-804 

29  038 
29-142 
29-486 
29-154 
29-605 
29-350 
29-067 
29-220 
28-615 
29-290 
29-317 
29-277 
29-788 
29-142 
29-225 
29-003 
28-960 
29-196 
29-660 
29-837 
30-071 
30-194 
30-276 

30  378 
30-555 
30-647 


29-394 
29-666 
29-903 
29-965 
29-698 
28-928 
29-214 
29-552 
29-286 
29-623 
29-173 
29-159 
29-152 
28-785 
29-197 
29  025 
29-479 
29-808 
29-199 
29-232 
28-922 
28-996 
29-272 
29-677 
29-910 
30-1-38 
30-245 
30-293 
30-446 
30-604 
30-693 


29-416 
29-770 
29-943 
29-937 
29-480 
28-998 
29-312 
29-470 
29-409 
29-655 
28-910 
29-217 
28-696 
28-929 
29-241 
28-917 
29-576 
29-638 
29-237 
29-161 
28917 
29-030 
29-360 
29-7-24 
29-943 
30-125 
30-2-19 
30-262 
30-458 
30-593 
30-637 


29-462 
29-868 
29-960 
29-896 
29-262 
29-076 
29-4;32 
29-233 
29-539 
29-486 
28-992 
29-239 
28-310 
29-221 
29-412 
29-119 
29-719 
29-301 
29-265 
29-077 
28-945 
29-130 
29-485 
29-794 
30-044 
30- 173 
30-274 
30-333 
30-529 
30-627 
30-655 


55-0 

45-4 

56-1 

46-0 

57-1 

48-0 

60-6 

64-0 

68-1 

52-9 

59-0  49-7  I 


.56-S 

47-1 

57-2 

45-7 

.56-6 

47-4 

55-8 

45-7 

54-0 

47-3 

62-0 

44-0 

61-1 

43-9 

50-5 

44-9 

50-9 

42-7 

49-8 

41-4 

51-2 

41-2 

51-3 

39-9 

51-0 

40-4 

51-4 

40-9 

52-1 

45-9 

60-6 

42-3 

50-1 

34-7 

60-2 

37-6 

46-8 

28-0 

50-0 

42-7 

48-8 

40-9 

49-6 

36-4 

38-0 

29-6 

42-2 

33-2 

41-2 

32-6 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 

■w S3 

o  c 

Barometer. 

Tempera- 

"Sg 

ture. 

§1 

ture. 

2I 

<a 
eg 

4a.m. 

10  a.m. 

4  P.M. 

10  p.m. 

Max 

Min. 

1 

4  a.m. 

10  A.M. 

4  p.m. 

10  P.M. 

Max 

Min. 

■^1 

Q 

5& 

P 

■fi'g 

1 

30-509 

30-534 

30-494 

30-518 

55-1 

44-2 

NNE 

1 

30-638 

30-649 

30-637 

30-631 

47-8 

37-0 

ENE 

2 

30-474 

30-507 

30-454 

30-442 

52-1 

43-9 

ENE 

2 

30-578 

30-581 

.30-531 

30-544 

49-5 

46-1 

NE 

3 

30-392 

30-369 

30-300 

30-313 

49-5 

41-8 

NE 

3 

30-513 

30-505 

30-457 

30-468 

46-9 

39-3 

E 

4 

30-295 

.30-335 

30-341 

30-436 

49-4 

45-2 

N 

4 

30-473 

30-535 

30-573 

30-651 

49-6 

42-6 

NE 

5 

30-528 

30-601 

30-551 

30-514 

49-0 

39-2 

NE 

5 

30-659 

30-652 

30-573 

30-534 

44-0 

41-9 

W 

6 

30-478 

30-486 

30-434 

30-434 

44-4 

38-2 

NW 

6 

30-464 

30-438 

30-366 

30-328 

46-3 

41-0 

wsw 

7 

30-4fl7 

30-403 

30-330 

30-286 

47-8 

.35-1 

N 

7 

30-292 

30-296 

30-208 

30-118 

48-7 

43-1 

wsw 

8 

30-187 

30-108 

29-944 

29-840 

44-9 

31-5 

NNE 

8 

29-968 

29-800 

29-581 

29-389 

47-1 

43-1 

ssw 

9 

29-682 

29-523 

29-404 

29-388 

46-4 

37-9 

S 

9 

29-293 

29-257 

29-178 

29-165 

45-1 

38-9 

sw 

10 

29-493 

29-613 

29-529 

29-286 

48-6 

37-8 

sw 

10 

29183 

29-281 

29-262 

29-155 

43-9 

38-3 

sw 

11 

28-782 

28-419 

28-902 

29-253 

54-2 

40-0 

S3AV 

11 

28-844 

28-480 

28-395 

28-613 

46-3 

39-8 

ENE 

12 

29-428 

29-489 

29-400 

29-256 

50-2 

36-9 

s 

12 

28-886 

29-120 

29-154 

29-167 

46-8 

38-9 

SW 

13 

29-063 

29-096 

29-143 

29-222 

51-1 

39-0 

ssw 

13 

29-073 

29-018 

28-929 

29-017 

46-3 

40-0 

B 

14 

29-217 

29-246 

29-200 

29-156 

50-3 

37-9 

SE 

14 

29-069 

29-165 

29-208 

29-281 

46-3 

38-7 

SE 

15 

29-111 

29-137 

29-143 

29-215 

48-3 

44-8 

NNE 

15 

29-321 

29-394 

29-429 

29-494 

47-0 

40-8 

ENE 

16 

29-263 

29-262 

29-479 

29-6.35 

48-9 

45-5 

N 

16 

29-498 

29-569 

29-573 

29-595 

44-2 

37-9 

NE 

17 

29-731 

29-751 

29-803 

29-925 

50-9 

40-3 

W 

17 

29-547 

29-577 

29-626 

29-735 

43-8 

37-9 

W 

18 

29-985 

29-987 

29-910 

29-914 

55-6 

38-1 

s 

18 

29-767 

29-690 

29-442 

29-509 

50-2 

36-0 

E 

19 

29-901 

29-961 

29-983 

30-014 

55-8 

47-1 

sw 

19 

29-5t8 

29-5-25 

29-532 

29-572 

48-1 

44-8 

S 

20 

29-995 

29-984 

29-896 

29-867 

51-8 

42-6 

sw 

20 

29-623 

29-700 

29-687 

29-758 

46-1 

37-9 

SW 

21 

29-826 

29-807 

29-780 

29-807 

45-0 

36-4 

w 

21 

29-781 

29-817 

29-827 

29-855 

44-2 

36-0 

NW 

22 

29-791 

29-790 

29-749 

29-729 

44-0 

35-1 

AV 

22 

29-851 

29-849 

29-809 

29-787 

40-0 

33-0 

W 

23 

29-739 

29-815 

29-843 

29-886 

40-1 

37-1 

NW 

23 

29-762 

29-783 

29-769 

29-789 

38-9 

28-7 

ENE 

24 

29-875 

29-895 

29-8.36 

29-835 

38-8 

34-7 

N 

24 

29-785 

29-811 

29-752 

29-688 

39-0 

31-4 

NW 

25 

29-796 

29-792 

29-703 

29-698 

42-8 

31-7 

N 

25 

29-551 

29-483 

29-452 

29-488 

41-1 

.32-7 

S 

2G 

29-690 

29-714 

29-660 

29-608 

44-0 

28-8 

SW 

26 

29-475 

29-461 

29-462 

29-566 

.36-5 

29-9 

W 

27 

29-671 

29-849 

29-910 

29-927 

41-7 

28-1 

WNW 

27 

29-671 

29-739 

29-749 

29-731 

35-4 

25-3 

NNW 

28 

29-845 

29-777 

29-652 

29-632 

44-2 

27-9 

SE 

28 

29-609 

29-4-15 

29-246 

29-308 

45-6 

31-9 

ESB 

29 

29-620 

29-686 

29-708 

29-763 

46-6 

36-5 

s 

29 

29-343 

29-457 

29-558 

29-620 

43-1 

35-7 

SW 

.SO 

29-766 

29-799 

29-832 

29-885 

.39-7 

.31-4 

w 

30 

29-588 

29-567 

29-534 

29-5.56 

43-9 

35-6 

s 

DECEMBER,  1891. 


1 

29-856 

29-808 

29-679 

29-549 

48-9 

31-2 

S 

1 

29-463 

29-357 

29-210 

29-204 

49-7 

42-6 

SSE 

2 

29-325 

29-416 

29-607 

29-755 

49-9 

.37-9 

SW 

2 

29-240 

29-264 

29-329 

29-395 

44-0 

36-6 

S 

3 

29-745 

29-708 

29-734 

29-785 

.55-3 

.39-1 

SW 

3 

29-197 

29-041 

29-115 

29-347 

54-0 

44-5 

SW 

4 

29-881 

30-001 

30-097 

30  153 

.55-0 

46-1 

w 

4 

29-543 

29-629 

29-740 

29-737 

48-8 

45-4 

SW 

5 

30-097 

30-101 

30-028 

29-959 

.56-3 

47-9 

sw 

5 

29-614 

29-656 

29-610 

29-594 

48-9 

42-5 

SW 

6 

29-923 

30-l.aO 

30-129 

30-098 

54-8 

44-0 

sw 

6 

29-605 

29-733 

29-819 

29-841 

43-8 

37-9 

wsw 

7 

29-850 

29-502 

29-258 

29-639 

.50-8 

42-5 

ssw 

7 

29-702 

29-477 

29-497 

29-689 

41-3 

33-3 

NNE 

8 

29-956 

30-063 

30-023 

29-849 

48-6 

.37-7 

wsw 

8 

29-639 

29-699 

29-619 

29-352 

46-6 

33-0 

WSW 

9 

29-589 

29-490 

29-561 

29-417 

.51-3 

44-8 

w 

9 

29-168 

29-163 

29-021 

28-655 

48-6 

41-9 

SW 

10 

29-260 

29-175 

29-184 

29-149 

.55-2 

45-8 

sw 

10 

28-532 

28-666 

28-633 

28-596 

44-7 

34-3 

W 

11 

29-449 

29-650 

29-816 

30-006 

46-2 

.35-4 

w 

11 

29-066 

29-301 

29-547 

29-757 

38-8 

33-8 

WNW 

12 

30-123 

30-122 

29-834 

29-572 

.52-5 

.31-2 

s 

12 

29-868 

29-840 

29-558 

29-194 

38-6 

33-3 

SSE 

13 

29-492 

29-166 

29-176 

29-161 

.51-8 

47-0 

sw 

13 

29-049 

28-969 

29-039 

29-2.33 

36-9 

33-1 

NE 

14 

29-531 

29-776 

29-950 

29-978 

49-2 

40-7 

w 

14 

29-406 

29-686 

29-778 

29-83S 

40-9 

34-0 

AVSW 

15 

29-970 

29-988 

29-893 

29-765 

.53-7 

40-6 

SB 

15 

29-848 

29-808 

29-508 

29-391 

44-5 

30-6 

ENE 

16 

29-852 

29-918 

29  978 

30-221 

.52-9 

.39-5 

w 

16 

29-417 

29-795 

30-087 

30-251 

45-6 

34-0 

NNE 

17 

30-341 

30-443 

30-460 

30-508 

39-4 

27-0 

N 

17 

30-305 

.30-341 

30-321 

30-349 

40-0 

28-5 

S 

18 

30-538 

30-603 

30-60.i 

30-647 

37-0 

25-6 

N 

18 

30-353 

30-369 

30-333 

30-331 

44-3 

36-5 

S 

19 

30-652 

30-675 

30-6.32 

30-638 

.34-8 

25-2 

SE 

19 

30-336 

30-390 

.30-374 

30-356 

44-2 

42-2 

SSW 

20 

30-634 

30-666 

30-6.34 

30-649 

,30-3 

23-9 

SE 

20 

30-393 

30-451 

30-491 

30-517 

43-3 

38-4 

sw 

21 

30-621 

30-667 

30-627 

30-666 

25-9 

18-6 

SE 

21 

30-506 

30-540 

30-510 

30-532 

41-6 

32-9 

s 

22 

30-647 

30-682 

30-601 

30-579 

25-0 

18-5 

SE 

22 

30-519 

30-529 

30-457 

30-437 

38-5 

28-5 

SE 

23 

30-493 

30-461 

30-353 

30-317 

28-3 

22-2 

SE 

23 

30-372 

30-351 

30-278 

30-232 

40-9 

34-7 

sw 

24 

30-243 

30-226 

30-150 

30-127 

27-9 

20-8 

SE 

24 

30-162 

30-144 

30-085 

30-038 

38-0 

32-5 

NW 

25 

30-067 

30-039 

29-978 

29-983 

.38-4 

18-7 

SE 

25 

29-952 

29-876 

29-770 

29-692 

38-7 

33-1 

sw 

26 

29-9.55 

29-921 

29-808 

29-700 

47-1 

.35-8 

S 

26 

29-572 

29-432 

29-278 

29-286 

46-3 

37-5 

S 

27 

29-714 

29-906 

29-961 

29-938 

46-2 

.36-2 

WSW 

27 

29-397 

29-545 

29-521 

29-485 

44-4 

36-9 

S 

28 

29-794 

29-842 

29-899 

29-849 

44-5 

.37-8 

wsw 

28 

29-497 

29-585 

29-533 

29-212 

46-8 

34-5 

WSW 

29 

29-673 

29-672 

29  710 

29-721 

.51-9 

44-7 

WSW 

29 

29-119 

29-233 

29-263 

29-331 

47-6 

36-0 

wsw 

.30 

29-720 

29-669 

29-514 

29-641 

53-9 

45-0 

ssw 

30 

29-363 

29-349 

29-211 

29-157 

41-6 

36-9 

sw 

31 

29-508 

29-501 

29-620 

29-693 

53-9 

40-9 

w 

31 

29-160 

29-202 

29-222 

29-408 

41-6 

35-0 

sw 
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II.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  FOREIGN  SOCIETIES  AND 
FOREIGN  PUBLICATIONS. 


AN  ARTESIAN  WELL  IN  THE  ARGENTINE  REPUBLIC. 

M  Pozo  artesiann  de  Balde.     By  Rafael  Leon.     Anales  de  la  Sociedad  cieutifiea 
Argentina,  1891,  r«Z.  xxxii., pp.  2Q%-2Z0,     Bvenos  Aires. 

This  well  was  bored  at  El  Balde,  in  the  province  of  San  Luis,  a  station  on  the 
Great  West  Argentine  Railway.  The  boring  began  in  1884,  and  was  completed  in 
September.  1891,  at  a  depth  of  1,958  feet.  The  strata  sunk  through  were  made  up 
of  a  series  of  alternating  sands  and  clays,  the  lowest  rock  touched  being  a  bed  of 
very  fine  yellowish  sand.* 

Tables  of  the  progress  of  the  sinking,  month  by  month,  and  analyses  of  the 
water  at  different  depths,  are  appended  to  the  paper. 

0.  S.  E. 

BAUXITE  AND  KAOLIN  IN  ARKANSAS,  U.S.A. 

By  John  C.  Branner.     Engineering  and  Mining  .Journal  QNew  York'),  1891, 

vol.  li.,2K  114. 

Extensive  deposits  of  bauxite  and  kaolin,  which  promise  to  be  of  considerable 
value,  have  recently  been  discovered  in  Arkansas.  The  thickness  of  these  deposits 
varies  from  a  few  feet  to  over  40  feet,  and  the  average  may  safely  be  taken  at  about 
1.5  feet.  It  is  variable  in  composition,  like  all  bauxite,  and  its  value  depends  upon 
its  having  a  high  percentage  of  alumina  and  low  percentage  of  iron  and  silica. 

A  few  of  the  analyses  made  by  the  survey  are  given  as  follows : — 


Deposit. 
Pulaski  County — 

Silica. 
Per  Cent. 

Alumina. 
Per  Cent. 

Ferric  Oxide. 
Per  Cent. 

Water. 
Per  Cent. 

Little  Rock  Region 

10-13       . 

55-59 

608        .. 

28-99 

„                „ 

11-48       . 

..       37-62 

1-83       ... 

28-63 

Saline  County — 

Black  variety 

.5-11 

55-89 

..       19-45       ... 

17-39 

Red 

4-89 

..       40-44 

..       22-15       ... 

26-68 

))                       )! 

3-34       . 

..       58-60 

9-11       ... 

•28-63 

The  Arkansas  bauxite  beds  cover  a  total  area  of  about  640  neres  in  Pulaski  and 
Saline  Counties. 

Except  a  single  bed  in  Georgia,  the  Arkansas  deposits  are  the  only  ones  thus  far 
discovered  in  the  United  States,  and  so  far  as  is  known,  such  deposits  are  nowhere 
abundant. 

Mineral  bauxite  is  used  in  the  manufacture  of  aluminium,  and  the  highest  grades 
of  refractory  materials,  for  increasing  the  refractoriness  of  fireclays,  and  for  maliing 
the  best  qualities  of  alum  and  aluminate  of  soda,  used  in  dying  and  calico  printing. 

An  important  bed  of  kaolin  in  Ouacliita  County  has  been  proved  to  have  a 
thiclcness  of  at  least  12  feet.  The  outcrop  of  this  bed  is  exposed  at  only  a  few 
places ;  but  it  is  probably  several  miles  long.    The  following  analysis  shows  the 

*  See  Transactions  of  the  Federated  Institution  of  Mining  Engineers,  vol.  iii.,  page  43-1. 

VOL.  XLL— 1891-92.  Z 
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composition  of  this  kaolin,  after  the  greater  part  of  the  sand  has  been  removed  by- 
washing.  For  comparison  an  analysis  of  a  washed  sample  of  kaolin  from  Brandy- 
wine  Summit,  Pennsylvania,  is  also  given  : — 


Ouachita  County  Kaolin. 
Per  Cent. 

Pennsylvania  Kaolin 
Per  Cent. 

Silica 

48-62 

47-24 

Ferric  oxide 

1-74 

1-94 

Alumina 

36-52 

37-27 

Water 

13-40 

13-62 

J.  w. 


THE  COAL-MINES  OF  NONG-SON,  ANNAM. 


Leg  Mines  dc  Nong-Son,  Tnurane.      By  P.  de  Bure.     Cosmos.,  vol.  a'U., 
new  series,  pp.  110-113. 

The  coal-mines  are  situated  on  the  left  bank  of  the  river  Song-Thu-Bong,  a 
tributary  of  the  Tourane,  Annam.  Small  boats  can  ascend  the  river  to  the  village 
of  Nong-Son.  The  mines  were  originally  worked  from  the  surface  by  Chinese,  and 
were  first  seen  by  Europeans  in  1882.  The  concession  was  afterwards  obtained  by 
a  French  company.  The  estimated  quantity  of  coal  available  is  about  1,500,000 
tons.  The  average  thickness  of  the  seam  may  be  taken  at  60  feet,  with  an  inclina- 
tioo  of  50  degs.  The  containing  rock  is  a  clayey  sandstone.  The  coal  near  the 
outcrop  is  of  poor  quality,  but  improves  at  a  small  depth.  It  is  of  an  anthracitic 
nature,  and  is  said  to  give  satisfaction  on  the  Tonkin  boats  of  the  Messageries 
Maritimes  Co. 

At  present  25  Europeans  and  600  natives  are  employed,  the  latter  being  said  to 
make  good  and  intelligent  workmen.  The  wages  paid  are  7^d.  per  day  for  men, 
and  5d.  for  women. 

Up  to  March,  1892.  the  total  length  of  galleries  driven  was  1,500  yards,  from 
which  all  the  coal  extracted  has  been  derived.  The  seam  is  worked  by  an  inclined 
wallery ;  but  a  perpendicular  winding  shaft  is  about  to  be  sunk. 

G.  E.  C. 


THE  JHERRIA  COAL-FIELD,  INDIA. 

Report  on  a  Survey  of  the  Jherria  Coal-fieM.  By  Thos.  H.  Ward.  Records  oj  the 
Geological  Survey  of  India,  1892,  vol.  a\cv.,2>p.  110-113.  With  map  and  three 
plates  of  sections. 

The  western  extremity  of  the  Jherria  coal-field  lies  about  13  miles  south  of 
Parasnath  Hill,  while  its  northern  boundary  runs  for  some  miles  parallel  to,  and 
about  4  miles  south  of,  the  proposed  Grand  Chord  line  of  railway.  The  formations 
exposed  in  this  area,  in  descending  order,  are:— 

Tlie  Raneegunge  Group. — Thickness,  2,500  feet ;  crops  out  over  28|  square  miles 
in  the  south-western  portion  of  the  coal-field,  and  contains  no  seams  of  commercial 
importance. 

The  Ironstone  Shales. — Thickness  ranging  from  600  feet  in  the  west  to  1,600  feet 
in  the  east ;  westwards  they  disappear  under  the  great  fault  (1,600  feet  downthrow 
in  the  Jamooni),  and  they  cover  all  the  southern  portion  of  the  coal-field  up  to  the 
southern  boundary  fault. 

The  BardTcar  Grovp. — Thickness,  3,000  feet.  It  includes  seventeen  coal-seams, 
each  of  which  is  more  than  5  feet  thick.  The  average  dips  are  moderate  (10  degs. 
or  so),  but  they  increase  to  80  degs.  and  40  degs.  on  the  east  and  west  of  the  central 
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area.    This  group  covers  150  square  miles,  forming  the  main  portion  of  the  coal-field. 

There  appear  to  be  several  dykes  of  intrusive  igneous  rock,  which  only  locally 
aiiect  the  seams  through  which  they  pass.  He  mentions,  however,  the  occurrence 
of  burnt  outcrops  of  coal,  which  aggregate  many  miles  in  length,  and  states  that 
"  iu  no  case  has  the  cause  of  combustion  been  due  to  intrusion  of  volcanic  matter."* 

No.  13  seam  contains  a  very  fine  quality  of  coking  steam-coal,  far  supeiior  to 
that  found  in  any  of  the  other  seams.  The  average  proportion  of  ash  in  this  coal  is 
11  per  cent.,  and  never  exceeds  13-5  per  cent.  Average  of  fixed  carbon,  .59  per  cent.; 
of  volatile  constituents,  29  per  cent.  Calorific  power,  13*3  pounds.  The  coal  is 
comparable  to  the  Kurhurbaree  coal,  and  the  thickness  of  seam  varies  from  8  to  13 
or  more  feet. 

It  is  calculated  that  more  than  159  million  tons  are  available,  at  a  depth  of  less 
than  800  feet  from  the  surface. 

No.  12  seam  contains  less  than  14-25  i)er  cent,  of  ash.  The  estimated  available 
quantity  at  a  depth  of  less  than  800  feet  is  37,000,000  tons.  The  average  thickness 
of  seam  is  6  feet. 

No.  17  seam  has  been  examined  only  at  Seetanalla,  where  it  is  10  feet  thick,  and 
gives  only  10*23  per  cent,  of  ash. 

From  the  two  first-named  seams  the  available  quantity  of  coal,  at  all  dips  and 
depths,  is  estimated  to  reach  864,000,000  tons.  Labour  is  plentiful,  and  many  of 
the  natives  of  the  district  have  had  experience  of  coal-mining  in  neighbouring  areas. 

0.  S.  E. 


THE    DONETZ   COAL-FIELD,   RUSSIA. 

Le  Bannin  Houillcr  du  Donetz.     By  A.  Brull.      Mmioircs  do  la  Societe  des 
Ingenicui's  Civils,  vol.  ?.,  1892,  j^j^.  G35-671,  and  two  inaj's, 2'late  LXI. 

The  Donetz  coal-field  in  Southern  Russia  is  situated  on  the  right  bank  of  the 
River  Donetz,  a  tributary  of  the  Don,  anil  37  miles  from  the  north  coast  of  the 
Sea  of  Azov,  with  which  its  southern  edge  is  nearly  parallel.  It  is  about  170  miles 
long  from  east  to  west,  and  from  43  to  68  miles  broad  from  north  to  south,  having  a 
surface  area  of  from  9,000  to  9,500  square  miles  ;  greater  than  that  of  any  other 
European  coal-field.  The  principal  towns  of  the  district  are :  in  the  north  west, 
Bakmouth,  population  12,000  ;  in  the  north,  Lougane,  population  12,000 ;  and  in  the 
east,  Yousovo,  population  15,0C0.  The  land  is  generally  in  the  hands  of  the  Crown, 
or  of  large  proprietors.     The  mines  belong  to  the  surface  owners. 

On  the  south-west  the  coal-field  is  bounded  by  crystalline  formations ;  on  the 
north-west  the  coal-field  highly  inclined,  is  covered  by  horizontal  Permian  deposits; 
on  the  north-west  and  east  the  coal-field  disappears  under  Cretaceous  formations 
through  which  it  emerges  in  many  places. 

The  coal-bearing  strata  outcrops  on  high  ground  and  in  ravines.  In  the  plains 
it  is  covered  by  a  bed  of  clay  of  variable  thickness  up  to  15  and  20  yards,  which 
retains  the  superficial  water.  The  coal  formation  is  composed  of  alternating  beds  of 
limestone,  shale,  sandstone,  and  coal.  The  seams  of  anthracite  are  thin,  usually 
under  3  feet. 

The  coal-seams  commonly  vary  from  1  to  5  feet.  Only  one  seam,  the  Alexand- 
rovska,  has  a  thickness  of  6  feet  6  inches.  The  distance  between  the  seams  generally 
varies  from  40  to  150  yards,  but  frequently  two  seams  are  found  from  12  to  26  yards 
apart. 

•^  It  would  be  interesting  to  learn  if  we  have  here  a  case  of  spontaneous  combustion  on  a  large  scale  — 
Editor. 
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The  limestone,  generally  in  thin  beds,  fissured  and  water-bearing,  is  fouud 
chiefly  in  the  upper  part  of  the  formation,  and  forms  the  horizon  of  the  bituminous 
coals.  The  limestone,  sometimes  grey  black  and  bituminous,  sometimes  yellowish 
white  and  of  crystalline  texture,  is  used  to  make  lime.  Certain  sandstones,  large 
grained  and  very  siliceous,  make  millstones.  Ironstone,  in  nodules,  is  found  in  some 
of  the  shales,  but  they  are  not  rich  enough  to  work. 

The  seams  are  generally  regular  and  not  much  faulted.  In  some  parts  of  the 
basin  the  seams  can  be  followed  for  distances  up  to  2.5  miles  without  faulting.  On 
the  west  side  of  the  coal-field  near  Gorlooka  and  Nikitooka  the  seams  are  on  edge 
and  are  worked  by  cross-measure  tlrifts  which  pass  through  the  enormous  thickness 
of  the  coal  formation,  amounting  to  over  2,000  yards. 

The  basin  contains  all  varieties  of  coal  from  anthracite  to  coking  and  gas  coal. 
There  are  44  workable  seams  of  a  united  thickness  of  nearly  120  feet. 

Ironstone  is  found  in  abundance  in  the  cretaceous  formation,  and  the  alluviums 
of  the  Donetz.  Brown  haematite  is  found  in  some  parts  of  the  coal  formation, 
.  containing  40  per  cent,  of  iron.  Rock  salt  has  been  worked  for  200  years  in  the 
Permian  formation  on  the  north  of  the  coal-field.  There  is  among  others  a  seam 
more  than  40  feet  thick.  The  mines  at  Bakmouth  alone  can  easily  produce  500,000 
tons  per  annum,  which  sells  at  Gs.  6d.  to  7s.  per  ton,  the  same  price  as  the  coal.  At 
certain  points  deposits  of  lead,  zinc,  copper,  antimony,  and  mercury  have  been  found, 
but  these  are  little  known  or  developed,  except  the  working  of  mercury  at  Nikitooka. 
Graphite,  kaolin,  gypsum,  marble,  etc.,  have  also  been  fouud. 

The  working  of  the  coal-field  has  only  been  developed  of  recent  years.  A 
Government  establishment  for  iron  smelting  was  started  in  1796.  In  1849  the 
production  of  coal  was  only  56,000  tons.  From  1866  to  1869  the  coal-field  was 
examined  for  the  Government,  and  a  geological  map  prepared.  In  1869  and  1871 
two  important  railway  extensions  gave  a  great  impulse  to  the  coal  trade.  At  that 
time  213,000  tons  of  anthracite,  and  only  49,000  tons  of  coal  were  extracted.  In 
1874  the  extraction  was  588.000  tons.  Since  then  additional  railways  have  been 
constructed  and  means  for  shipment  provided.  In  1884  there  were  6,242  workmen 
employed  underground,  and  in  1888  there  were  1(3.423  so  employed.  In  1884  there 
were  only  75  steam  engines,  representing  1,278  horse-power,  while  in  1888  there  were 
186  engines  of  4,038  horse-power  in  use.  The  amount  of  minerals  carried  by  the 
railways  from  September  1st,  1890,  to  August  31st,  1891,  was  2,060,550  tons. 

As  the  seams  of  coal  crop  out  in  many  places  small  collieries  are  worked  by  the 
peasants,  either  by  day-drifts  or  shallow  pits  with  horse  gins.  Several  large  com- 
panies have  concessions  of  thousands  of  acres  and  outputs,  which  varied,  in  1889, 
fi'om  66,000  to  300,000  tons.  The  English  '•  New  Russia  Company "  of  which 
Mr.  John  Hughes  is  the  director,  was  commenced  in  1870,  employs  more  than  5,000 
workmen,  produces  more  than  250,0u0  tons  of  coal  per  annum,  and  25,000  tons  of 
steel  and  iron  fi-om  three  blast  furnaces. 

The  shafts  are  usually  square  or  rectangular  in  shape  and  not  very  deep.  From  the 
bottom  of  the  shaft,  or  from  a  short  cross-measure  drift,  levels  are  driven  out  in  the 
seam.  In  flat  seams  the  pillar-and-stall  method  of  working  is  usually  adopted. 
When  the  seams  are  highly  inclined  the  coal  is  got  by  removing  parallel  slices  on 
the  level  course,  the  goaf  being  partially  packed,  and  the  coal  run  down  "  chimneys  " 
or  sladdere  to  the  main  level. 

The  mines  are  not  usually  heavily  watered.  The  ventilation  is  often  natural, 
but  some  mines  are  fitted  with  Korting  or  Guibal  ventilators. 

In  1890  an  explosion  caused  the  loss  of  100  lives. 

Coke  is  manufactured  for  metallurgical  purposes,  and  the  demand  increases  daily. 
The  coke  ovens  are  on  the  Schauenbourg,  Otto,  and  Coppee  systems. 
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Workmen  are  plentiful  in  winter,  but  scarce  in  summer,  when  they  leave  the 
mines  for  harvest  work.  They  are  strong  and  tractable,  and  soon  acquire  skill  as 
miners,  puddlers,  etc.  They  are  mucli  attached  to  the  practice  of  religion,  and  play 
on  all  saints'  days,  which  causes  them  to  lose  about  125  working  days  per  year. 

Only  a  small  number  of  the  collieries  are  connected  to  the  railways,  most  of 
them  have  to  cart  their  produce  from  6  to  12  miles.  In  winter  the  ports  are  frozen 
up,  and  in  summer  the  railway  rolling  stock  is  insufficient. 

The  following  table  shows  the  destination  of  the  coal  despatched  by  rail  since 
1888.     It  does  not  include  local  consumption  nor  anthracite  : — 


Destination. 

Tons  Consumed  in 

1888. 

1888-89. 

1889-90.             1890-91. 

Piailways 

Black  Sea  Ports 

Gas  Works             

Steam  Ships 
Iron  Works 

Sugar  Works         

Various 

603,660 
4,590 

20,050 
101,300 

41,870 
204,820 
458,140 

779,600 
8,560 
24,680 
115,040 
130,460 
323,260 
529,140 

668,200 
5,040 
31,910 
138.870 
294,350 
210,590 
610,640 

627,160 

30,430 
152.140 
434,170 
171,210 
645,440 

Totals       

1,433,930 

1,910,740 

1,968,600 

2,060,550 

The  Donetz  coal-field  contains  an  Immense  amount  of  coal,  sufficient  to  supply 
all  parts  of  the  Eussian  Empire  accessible  to  its  products  for  centuries ;  and  as  the 
methods  of  working  and  means  of  transport  are  improved  and  extended  it  may 
supply  the  Black  Sea,  the  Mediterranean,  Port  Said,  and  Constantinople. 

W.  N.  A. 


THE  ASHIO  COPPER  MINES  AND  SMELTING  WORKS,  JAPAN. 

By  W.  J.  Menzies.     Eng'nwcring  and  Miiung  Journal  (^Ncio  York'),  vol,  liv.,j>.  128. 

The  mines  and  works  are  situated  on  the  River  Watarase-gawa,  about  12  miles 
from  Nikko.  They  are  worked  by  Mr.  Furakawa,  of  Tokio,  who  pays  a  royalty  to 
the  Japanese  Government.  One  of  them  has  been  working  more  or  less  continuously 
for  500  years.     The  production  of  black  copper  averages  600  tons  per  month. 

The  mines  are  worked  by  adit  levels.  The  average  width  of  vein  is  3  to  4  feet. 
The  central,  6  inches,  consists  of  sulphide  ore  of  about  20  per  cent,  of  copper,  the  rest 
of  the  vein  being  much  poorer. 

The  rich  ore  is  sorted,  both  in  the  mine  and  at  the  surface,  and  crushed.  The 
poor  ore  is  crushed  and  carefully  concentrated,  partly  with  jiggers  and  buddies,  and 
partly  by  hand  labour.  The  women  who  do  the  latter  are  very  skilful,  and  as  their 
wages  are  only  about  7  cents  per  day  the  hand  concentration  is  cheaper.  By  this 
concentration  the  poor  ore  is  brought  up  to  about  the  same  grade  as  the  rich — say 
rather  over  20  per  cent,  of  copper. 

The  ore  is  rather  inefficiently  roasted  in  reverberatory  furnaces,  and  after  roast- 
ing still  contains  10  to  12  per  cent,  of  sulphur.  In  the  author's  opinion  this  might 
easily  be  improved,  so  lessening  the  quantity  of  matte  produced. 

The  smelting  plant  consists  of  6  rectangular  wrought-iron  water-jacket  furnaces, 
the  blast  being  supplied  by  6  Root .  blowers.  The  fuel  used  is  charcoal,  costing 
about  £1  12s.  per  ton,  with  a  little  coke  at  £3  4s.  Limestone  for  flux  is  obtainable 
in  the  neighbourhood.  The  furnace  hands  get  about  Is.  54d.  per  day.  The  daily 
charge  is  about  40  tons  per  furnace.    The  black  copper  obtained  is  about  96  per  cent.. 


334  NOTES  OF  PAPERS  IN  FOREIGN 

with  some  arsenic  (1-2  per  cent.),  iron,  tin  (w  per  cent.),  lead,  bismuth  (-1  per  cent.), 
and  silver  ('014  per  cent.).  A  good  deal  of  matte  is  also  obtained,  assaying  about 
55  per  cent.  This  has  to  be  roasted  and  put  through  again.  A  plant  is  being  erected 
for  Bessemerizing  the  matte,  but  the  author  doubts  whether  it  will  answer,  and 
thinks  it  might  be  done  without  by  better  roasting  of  the  ore.  The  slag,  which  is 
run  hot  into  the  river,  assays  '7  per  cent,  of  copper. 

The  river  supplies  water  for  the  furnaces  and  for  concentrating.  It  also  yields, 
by  means  of  a  flume,  power  to  drive  an  electric  dynamo  of  200  horse-power,  used  for 
lighting  purposes  and  for  driving  motors  in  the  mine.  A  3-feet  tramway  is  in  course 
of  construction  to  Xikko,  and  will  be  operated  by  electric  power  from  a  waterfall. 
The  total  number  of  hands  employed  on  and  in  connexion  with  the  mine  is  10,000. 

An  electrolytic  plant,  at  Ashio,  for  the  refining  of  the  copper,  is  under  considera- 
tion, but  the  author  doubts  whether  it  will  be  remunerative  on  account  of  the 
impurities  present  in  the  black  copper ;  which  is  at  present  refined  at  Tokio. 

G.  E.  C. 


ON   MIXES    OF   CUPRIFEROUS    IRON    PYRITES,   NEAR    CASTILLO    DE 
LOS  GUARDAS,  SEVILLE,  SPAIN. 

Noticias  sohre  la.s  minus  de  j)iritasferro  cobrlzas  "  Francisco"  "  Maria,'"  y  "  Gulon- 
drina,"  sitas  en  el  termino  de  Castillo  de  los  Guardas,  provincia  de  Scvilla. 
By  Atjgusto  Fritschi  y  Fitz.  Revista  Minera,  Year  i3,  Xo.  1,382, 
XJp.  58-60. 

Most  of  the  pyrites  deposits  worked  in  the  provinces  of  Huelva  and  Seville  bear 
unmistakable  evidence  of  having  been  largely  worked  by  the  ancients.  An  average 
sample  of  the  masses  of  ore  left  by  them,  as  being  too  poor  for  removal,  varies  in 
copper  contents  from  2  per  cent.,  as  at  Santo  Domingo,  to  nearly  6  per  cent.,  as  at 
Aznalcollar;  the  famous  deposits  of  Rio  Tinto,  the  ore  from  which  to-day  hardly 
contains  3  per  cent,  of  copper,  being  about  the  average.  On  the  other  hand,  the 
rich  zones  extracted  by  the  ancients  probably  contained  from  10  per  cent,  to  40  per 
cent,  of  copper,  as  can  be  seen  at  the  San  Miguel  mine,  where  parts  of  these  richer 
zones  are  still  intact. 

Three  virgin  mines  are  situated  in  the  district  of  Castillo  de  los  Guardas,  near 
the  western  border  of  the  province  of  Seville,  and  close  to  the  narrow  gauge  line 
projected  to  work  the  well-known  pyrites  mine  ''Admirable." 

The  "Francisco"  is  about  1  mile  south  of  the  little  village  of  Aulaga,  in  the 
high  ground  dividing  the  river  of  that  name  from  the  Rio  Tinto.  Two  parallel 
crests,  with  their  intermediate  depression,  clearly  indicate  the  deposit,  although  its 
extent  cannot  be  traced  at  the  surface.  It  seems  probable  that  the  eruptive  masses  of 
diabase  rocks  have  given  rise  to  acid  solutions,  penetrating  the  siliceous  and 
magnesian  slates,  where  their  metallic  contents  were  reduced  to  sulphides  and  pre- 
cipitated by  the  organic  matter  therein  contained,  forming  masses  of  various  sizes, 
intercalated  in  the  stratification  of  the  slate  with  a  general  direction  of  north-west 
to  south-east,  and  in  contact  Avith  belts  of  altered  rock  rich  in  magnesia.  The 
writer  instances  the  Rio  Tinto  among  other  mines  in  support  of  his  view,  but  in  this 
he  is  certainly  in  error,  for  at  Rio  Tinto  the  pyrites  masses  are  contact  deposits 
between  slate  and  quartz-porphyry,  and  are  in  no  way  connected  with  the  diabase 
intrusions  of  the  district.  Moreover,  at  Rio  Tinto  the  slates  contain  very  little 
magnesia,  and  the  whitish  clay  forming  the  "sahlband"  is  an  ordinary  impure 
kaolin,  a  hydrated  silicate  of  alumina,  with  little  or  no  magnesia. 

The  "  Maria  "  mine  is  about  half  a  mile  north  of  the  •■  Admirable '"  mine,  forming 
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one  group  with  it,  and  here  there  are  traces  of  ancient  workings.  An  open  cutting, 
60-yards  long,  has  been  made  by  the  owners  of  the  "  Atrevida  "  mine,  whose  south- 
west corner  takes  in  a  small  part  of  the  deposit,  and  as  this  inclines  to  the  north- 
east it  cuts  through  the  "sahlband"  and  exposes  the  ore.  This  mine  is  specially 
interesting  from  the  extensive  decomposition  of  the  rock,  seen  in  the  open  cut,  the 
abundance  of  quartz,  with  layers  of  pyrites  and  of  sulphates  produced  by  its  decom- 
position, and  from  its  proximity  to  the  granitic  formation  of  Valdeflores. 

The  "Golondrina"  mine  is  2  miles  east  of  Castillo  de  los  Guardas,  on  the  right 
bank  of  the  river  Guadiamar.  This  mine  has  two  parallel  deposits,  close  together 
and  in  contact  with  the  diabase  rocks,  forming  a  group  identical  with  the  "Admir- 
able" and  "Maria"  mines.  A  similar  phenomenon  of  two  parallel  deposits  com- 
paratively close  together  is  seen  at  Rio  Tinto,  in  the  so-called  north  and  south  lodes. 
At  the  Golondrina  mine  the  north  deposit  is  marked  by  red  gossan,  and  the  charac- 
teristic depression,  and  the  soft  decomposed  pyrites  of  the  south  deposit  can  be  seen 
cropping  out  at  the  surface.  From  the  extent  of  the  surface  indications  the  author 
estimates  that  the  deposits  are  not  less  than  6.50-yards  long  by  30-yards  broad ;  and 
that  they  should  be  capable  of  producing  30,000  tons  of  ore  per  annum,  containing 
6  to  8  per  cent,  of  copper. 

The  best  method  of  mining  deposits  of  this  class,  and  that  which  he  recommends, 
would  be  by  stoping  out  the  whole  mass  of  the  ore  and  filling  with  waste  brought 
from  the  surface :  the  underground  workings  being  combined  with  an  open  cut  on 
the  back  of  the  deposit  for  this  purpose.  After  the  flooding  of  the  Silillos  mine  by 
the  River  Crispinejo,  this  method  was  successfully  introduced.  A  comparison  of 
this  system  with  the  ordinary  system  of  pillar  and  chamber  gives  the  following 
results : — 

Output  of  4,511  tons  in  four  months  of  1865  by  filling-in  methal : — 

Pesetas. 

Breaking  4,511  tons  of  ore,  at  2'875  pesetas    ...         12,969"37 

.302  cubic  metres  of  wallinnr,  at  fiJ- pesetas      1,888-50 


2.512-00 
17,369-87 


Pesetas. 
8-58 
4-81 

13-39 


1,2.>6  cubic  metres  of  filling,  at  2  pesetas 

Total     ... 

or  3*89  pesetas  (about  3s.  l|d.)  per  ton. 

By  chamber  and  pillar  method  (by  way  of  trial)  :- 

Heading,  per  cubic  metre 

Stoping  „  „  

Cost  per  cubic  metre 
or  3-34  pesetas  (about  2s,  8d.)  per  ton.  "^~~ 

This  small  saving  in  cost  is  more  than  balanced  by  the  disadvantages  of  the 
method. 

The  ore  being  fairly  high  grade  pyrites  may  be  treated  by  the  Manhes  process, 
as  now  employed  at  Marseilles,  It  is  both  cheaper  and  better  than  a  wet  jirocess,  or 
than  export  of  the  criide  ore.     The  cost  of  a  ton  of  fine  copper  by  the  wet  process 

now  employed  at  Rio  Tinto  is  as  under  : — 

Pesetas. 

67  tons  ore,  at  3  pesetas      ...         ...  201 

Cost  of  cementation ...  ...         ...         ...         ...  225 

Iron  for  precipitation          ...         ...  ...         ...  l()7-50 

General  expenses      ...         ...         .,.  ...         20-90 

Depreciation...         ...         ...         ...         2*15 

Cost  per  ton  of  fine  copper    ... 

or  £24  13s.  3d.  per  ton. 

The  Manhes  process  will  not  cost  half  as  much. 


616-55 


A,  L,  C. 
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NOTES  ON  SOME  EXPLOSIONS  IN  NOVA  SCOTIAN  COAL-MINES. 

By  B.  Gilpin,  Jun.    Proceedings  of  the  Nova  Scotian  Institute  of  Science,  Second 
Series,  rol.  i.,  pp.  58-70. 

This  paper  contains  a  description  of  the  various  explosions,  often  attended  by 
very  considerable  loss  of  life,  in  Nova  Scotia  and  Cape  Breton  coal-mines  since 
about  1870.  The  mines  are  as  a  rule  both  gassy  and  dusty,  but  the  workings  are 
often  damp.  They  are  generally  well  ventilated  and  carefully  worked,  and  small 
individual  ignitions  of  gas  are  rare.  It  is  suggested  that  the  increase  in  the  velocity 
of  the  air-currents,  the  larger  amounts  of  air  mixed  with  the  gas,  and  the  o-reater 
movement  of  dust,  together  render  explosions  more  violent  than  they  were  thirty 
years  ago,  when  large  bodies  of  gas  were  common  in  the  mines,  but  diluted  greatly 
with  the  products  of  oxidation  and  breathing. 

The  general  conclusion  is  that  no  explosion  as  yet  can  be  traced  exclusively  to 
the  firing  of  dust,  but  that  small  gas  explosions  have  unquestionably  been  extended 
by  the  dust. 

The  author  questions  whether  there  may  not  be  special  conditions  rendering  the 
inception  and  propagation  of  explosions  more  easy  at  one  time  than  another,  in 
which  connexion  he  suggests  that  the  alternation  of  dry  and  wet  tract>;  of  workings 
may  sometimes  give  rise  to  electrical  conditions  favourable  to  ignition  of  gas  and 
prompt  distillation  of  coal-dust. 

G.  E.  C. 


THE  VERPILLEUX  COLLIERY  EXPLOSION,  ST.  ETIENNE. 

Note  sur  I' Explosion  de  Gri^ou  dn  Pitits  Vcrpilleux.     Anon.     Annalea  de.i  Mines, 
1891,  series  S,fol.  xx.,  p.  389,  and jJlate  XIV. 

This  disastrous  explosion  occurred  on  July^rd,  1889,  at  11-50  a.m.,  and  resulted 
in  the  loss  of  207  lives  (out  of  the  214  in  the  pit  at  the  time).  The  mine  was  known 
to  be  a  fiery  one,  but  no  gas  blower,  properly  so  called,  had  ever  been  observed. 
Marsiut  safety-lamps,  provided  with  the  Villiers  magnetic  lock,  were  in  use.  The 
author  describes  the  method  of  working  and  the  system  of  ventilation.  It  would 
appear  that  some  defects  were  manifest  in  the  air-circulation,  as  the  Bardot  shaft, 
which  should  always  have  been  the  upcast,  became  at  times  a  downcast  pit. 

An  examination  of  the  workings  showed  that  the  explosion  started  somewhere 
near  the  Iserable  fault :  the  dead  bodies  at  this  point  were  much  burnt,  and  the 
timber  carbonized,  but  everything  was  in  its  place.  In  the  levels  there  were  evidences 
of  the  fearful  violence  of  the  exploding  gases,  iron  doors  being  torn  down,  lines  of 
tubs  shot  into  a  heap,  and  various  articles  rammed  into  the  working-face  and  roof. 
Wherever  the  flames  had  passed  they  had  left  a  crust  of  coke,  varying  from  a 
fraction  of  an  inch  to  H  inches  in  thickness. 

The  explosion  appears  to  have  been  due  in  the  first  place  to  an  accumulation  of 
fire-damp  tapped  by  the  workings  in  the  immediate  neighbourhood!  of  the  Iserable 
fault.  (There  was  abimdance  of  evidence  to  show  that  whenever  the  workings  touched 
this  fault,  the  presence  of  fire-damp  was  observed.)  But  there  is  nothing  to  show 
how  the  gas  was  ignited.  Every  safety-lamp  found  was  securely  locked,  shot-firing 
was  not  allowed,  and  subsequent  experiments  have  disproved  the  theory  of  a  spark 
accidentally  struck  off  from  an  ironstone  nodule  by  a  miner's  pick.  Moreover, 
experiments  made  with  the  Marsaut  lamps  show  that  they  cannot,  when  in  good 
condition,  communicate  flame  to  any  external  media.*  O.  S.  E. 

*  See  Transaetions  of  the  Federated  Institution  o/Minino  Engineers,  vol.  i.,  p.  41 
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EXPLOSIONS  IN  FRENCH  COAL-MINES. 

Analijse  des  Rupports  officiels  sur  lea  Accidents  de  Grlsou  survenus  en  Franca 
pendant  les  annees  1888  a  1890.  By  E.  DE  BiLLY.  Annales  des  Mines, 
1891,  series  8,  vol.  xx.,  pp.  588-613. 

Valenciennes  Coal-field. — Two  slight  fire-damp  explosions  in  the  spring  of  1889, 
in  collieries  where  naked  lights  were  used  :  two  miners  slightly  injured.  At  Vicoigne 
in  October,  1888,  three  men  were  injured  in  an  explosion  caused  by  careless  lighting 
of  a  fuze.  Three  men  were  suffocated  by  noxious  gases  in  two  other  mines  (disused 
workings). 

BouloJinais  Coal-field. — Fire-damp  explosion  at  Hardinghen  in  June,  1890,  two 
men  slightly  injured.     Naked  lights  used  in  the  pit. 

St.  Etienne  Coal-field. — The  fearful  disaster  of  Verpilleux  is  described  in  another 
abstract.*  Stress  is  laid  on  the  defects  in  the  ventilation  of  the  mine.  In  July,  1890, 
the  P61issier  pit  was  the  scene  of  an  explosion  whereby  113  men  lost  their  lives :  it 
took  place  at  the  very  moment  when  the  men  of  the  night  shift  were  going  down 
the  pit.  The  system  of  ventilation  was  defective,  but  the  determining  cause  of  the 
explosion  appears  to  have  been  a  fall  of  coal,  causing  a  sudden  rush  of  gases  that 
took  fire  at  the  open  lamp  of  a  miner:  the  fire  was  intensified  by  the  combustion  of 
the  coal-dust  disseminateil  in  the  air  of  the  mine.  A  ventilating-fan  was  put  up 
after  the  catastrophe.  Three  men  were  killed  in  another  explosion  that  took  place 
at  the  same  pit  barely  a  week  after  the  dis.ister  which  has  just  been  alluded  to. 

Four  accidents,  unattended  with  fatal  consequences,  are  reconled  in  as  many 
different  mines  where  naked  lights  were  in  use.  In  two  of  these  mines  the  use  of 
safety-lamps  has  now  been  made  compulsory. 

At  the  Ghapelon  pit  in  September,  1890,  some  workings  which  had  been  tempo- 
rarily dammed  off  were  being  opened  up  again  rather  incautiously:  deleterious  gases, 
forming  an  explosive  mixture  with  air,  were  drawn  up  thence  by  the  ventilator,  they 
caught  fire  at  the  boiler  furnaces  at  bank,  and  the  flame  swept  down  the  pit  again. 
Serious  damage  to  the  workings  was  caut^ed  by  the  explosion,  and  four  men  were 
badly  hurt,  one  of  whom  subsequently  succumbed  to  his  injuries. 

Alais  Coal-field. — Two  accidents  are  recorded,  in  which  four  men  were  hurt  and 
one  killed,  due  to  the  foolhardiness  of  workmen  in  opening  their  safety-lamps  in  a 
fiery  mine.  In  March,  lSb9,  there  was  a  serious  disaster  at  the  Central  pit,  resulting 
in  the  loss  of  seventeen  lives.  Alarsaut  lamps  were  in  use,  but  many  were  unpro- 
vided with  locks  :  the  mine  is  a  fiery  one,  and  is  ventilated  by  a  Guibal  fan.  The 
fan  happened  to  be  stopped  at  the  time,  as  the  machinery  was  being  lubricated,  and 
it  is  probable  that  the  temporary  slackening  of  the  air-current  favoured  an  increase 
in  the  proportion  of  fire-damp  present  in  the  atmosphere  of  the  pit.  The  actual 
cause  of  explosion  has  not  been  ascertained. 

Aveyron  Coal-field. — The  disaster  of  November,  1888,  at  the  Campagnac  mine  is 
alluded  to  in  another  place. f  But  it  may  be  noted  that  in  the  preceding  May 
a  slight  explosion  had  occurred  at  the  same  mine,  due  to  careless  shot-firing.  Two 
accidents  occurretl  at  less  than  two  months  interval  at  the  Issards  pit  in  1 888 ;  naked 
lights  and  furnace  ventilation  were  in  use  there,  but  have  since  been  replaced  by 
Mueseler  lamps  and  a  centrifugal  fan.  The  first  explosion  resulted  in  the  loss  of 
four  lives. 

At  the  De  Fayeres  pit,  where  an  accident  occurred  in  1888,  naked  lights  were 
used;  and  careless  shot-tiring  brought  about  a  slight  explosion  at  the  Cransac 
colliery  in  1889. 

*  See  page  353.  fSee  Transactions  of  the  Federated  InMitntion  of  Mining  Emjii.eers,  vol  ii.,  p.  582. 

VOL.  XLI.-1391-92.  ^  ^ 
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Other  Coal-fields. — Six  accidents  in  the  remaining  French  coal-basins,  in  which 

eight  workmen  were  injured  and  six  killed,  appear  to  be  partly  attributable  in  one 

case  to  careless  shot-firing,  and  in  five  cases  to  the  use  of  naked  lights. 

0.  S.  E. 


EXPLOSIONS   IN  BRIQUETTE-FUEL  WORKS. 

Ueier  die  TJrsache  der  Entstchung  von  Explosionen   in   Braunkohlen-Briqitette- 
Fairihen.    Akon.     Bevg  nnd  H uctteninannische  Zeitung,  1891,  j^P-  357-358. 

The  experiments  made  by  R.  Holzwart  and  E.  von  Meyer  have  led  them  to  the 
following  conclusions : — 

1. — The  repeatedly  expressed  opinion  that  the  gases  circulating  (under  ordin- 
ary conditions  of  working)  in  the  drying-ovens,  collecting-floors,  etc.,  contain  a 
dangerously  large  proportion  of  carburetted  hydrogen  is  absolutely  groundless. 
A  po-ssibility  of  explosion  arises  only  in  the  event  of  sudden  combustion  of  the  coal, 
favoured,  say,  by  air-currents. 

2. — It  had  been  asserted  that  the  gases  produced  in  the  process  of  drying  brown 
coal,  after  mixing  with  atmospheric  air,  causal  an  explosion.  But  experiments  show 
that  the  gases  so  given  oS  in  the  drying  process  comprise  so  large  a  proportion  of 
carbon  dioxide  (.e.g.,  26  volumes  of  carbonic  acid,  7'9  volumes  of  carbonic  oxide, 
and  ^  volume  of  oxygen)  as  to  constitute  a  non-explosive  mixture. 

3. — The  real  and  only  source  of  danger  is  the  coal-dust,  which  is  widely  dis- 
seminated in  extremely  fine  particles  and  thus  easily  set  in  motion ;  but  even  here 
the  preliminary  condition  of  explosion  is  that  the  dust  should  take  fire. 

For  the  purpose  of  guarding  against  such  explosions  E.  von  Meyer  recommends 
the  use  of  well-built  steam  drying-ovens,  provided  with  mechanical  rakes,  which 
would  prevent  the  accumulation  of  coal-dust.  Moreover,  the  use  of  a  ventilator  in 
connexion  with  apparatus  covered  with  coal-dust  should  be  forbidden,  as  it  consti- 
tutes an  additional  risk.  It  is  also  advisable,  in  order  to  avoid  too  much  transport 
hither  and  thither  of  the  coal  within  the  works,  and  consequent  peril  of  coal-dust 
explosion,  to  concentrate  the  various  processes  as  much  as  possible  on  one  spot. 

0.  S.  E. 


BOILER  EXPLOSIONS  IN  FRANCE  IN  1890. 

Bulletin  des  Accidcnt-f  arrives  dans  Veiiqjloi  des  appareils  a  vajJeur pendant  Vannee 
1890.     Anon.     Annales  des  Mines,  1891,  series  8,  vol.  xx.,pp.  614-684. 

During  the  year  1890,  34  accidents  occurred  to  boilers  and  receivers  in  various 
industrial  establishments  in  France,  whereby  29  lives  were  lost  and  16  persons 
suffered  serious,  though  not  fatal,  injury. 

In  eveiy  case  except  one  the  boilers  and  receivers  appear  to  have  been  of  French 
build,  and  the  presumable  causes  of  explosion  have  been  classified  as  follows : — 
Bad  material,  bad  arrangement  of  parts,  or  other  original 

defects 13 

Wear  or  thinning  away  of  plates,  overheating,  etc.     ...         ...         12 

Insufficient  repairs ...         ...         1 

„  water-supply ...         ...         ...  6 

Excess  of  pressure ...  3 

Other  faults,  due  to  negligence  or  imprudence  on  the  part  of 

those  entmsted  with  the  supervision  of  the  boilers,  etc....  4 

Causes  not  ascertained       ,„        ...        ...        2 
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The  number  of  presumed  causes  is,  of  course,  greater  than  the  number  of 
accideats,  because  one  accident  is  sometimes  due  to  several  causes. 

On  this  "  black  list "  only  one  colliery  appears,  that  of  Villars,  in  the  St.  Etienne 
coal-field.  Here,  a  boiler  built  in  1863,  last  inspected  and  tested  in  1881,  gave  way 
through  long  wear.  The  explosion  was  violent,  and  much  damage  was  done  to 
boiler  settings,  pit  cages,  etc.,  but  no  one  was  injured.  0.  S.  E. 


BOILER  EXPLOSIONS  IN  GERMANY  IN  1890. 

Die  Damj)fkesselexj)losionen  im  Deutschen  Reiche  im  Jahre  1890.      Anon.      Zeit- 
schri/t  des  Vereines  Deutscher  Ingenieure,  1891,  vol.  xxxv.,pi),  1454-1457. 

Fourteen  boiler  explosions  are  here  recorded  as  having  occurred  in  the  German 
Empire  in  the  space  of  one  year,  whereby  eight  persons  lost  their  lives  and  ten 
sustained  slight  bodily  injury. 

The  boilers  were  all  of  German  manufacture,  the  oldest  of  them  was  built  in 
1861,  the  newest  in  1889  ;  three  were  in  use  at  collieries,  one  at  a  patent-fuel  works, 
one  at  a  cement  works,  one  at  a  brewery,  one  at  a  steam  laundry,  one  at  a  rolling 
mill,  one  at  a  sugar  refinery,  one  at  a  distillery,  one  at  a  paper  pulp  mill,  one  at  an 
enamel  factory,  one  at  a  pottery,  and  one  on  a  steam  dredger.  In  nearly  every  case 
the  man  who  had  charge  of  the  boiler  was  a  man  of  experience  in  the  matter,  and 
had  no  other  work  to  do. 

There  had  been  no  inspection  of  the  interior  of  five  boilers  up  to  the  time  of  the 
accident. 

In  two  cases  the  cause  of  explosion  is  presumed  to  be  want  of  water.  Over- 
heating at  a  particular  point,  due  to  caking  of  the  saline  crust,  which  is  known  to 
accumulate  on  the  sides  of  boilers,  is  the  ascertained  cause  of  two  other  accidents. 
One  boiler  gave  way  owing  to  abnormally  high  steam-pressure,  and  two  (one  built 
in  1861,  the  other  in  1863)  because  they  were  worn  out. 

As  many  as  five  accidents  are  attributed  to  "  local  weakening"  of  boiler-plates — 
rust  had  eaten  into  them  unnoticed  by  the  engineers.  Another  accident  is  attribut- 
able to  badness  of  material  of  a  new  pipe  ;  and  lastly,  one  was  due  to  old  defects  in 
the  fire-tubes. 

In  the  fourteen  years  from  1877  to  1890  inclusive,  214  boiler  explosions  were  re- 
corded in  the  German  Empire.  They  resulted  in  the  death  of  194  persons,  in  grievous 
bodily  injury  to  106  persons,  and  in  slight  bodily  injury  to  277.  The  ascertained 
causes  of  accident  are  classified  as  follows  : — 63,  want  of  water  ;  50,  local  weakening 
of  boiler-plates  ;  32,  defective  structure ;  24,  abnormally  high  steam  pressure  ;  24, 
bad  or  worn-out  material ;  7,  defective  supervision  ;  10,  boiler  scale ;  2,  "  secondary 
explosion  ; "  1,  gas  explosion  ;  1,  unknown.  0.  S.  E. 


VARIOUS  SYSTEMS  OF  IGNITING  SHOTS. 

Suf  r Allmnage  des  Coups  de  Mine  dans  les  Exploitations  Grisouteuses.     By  L. 
Janet.     Annales  des  Mines,  series  9,  vol.  i.,pp.  351-371,  and  plate  XI. 

The  danger  of  shot-firing  in  fiery  mines  has  recently  been  much  reduced 
by  the  introduction  of  explosives  capable  of  detonating  without  igniting  fire-damp. 
The  danger  of  igniting  gas  is  not  due  to  the  explosive  alone  but  also  to  the  method 
of  lighting  shots.  The  question  of  lighting  shots  has  made  little  progress  for  many 
years,  and  remains  a  source  of  danger.  With  the  exception  of  a  few  mines  where 
electric   shot-firing  is  coming  into  use,  the  ordinary  method  is  by  Bickford  fuze 
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lighted  by  touch.  The  French  Fire-damp  Commission  pointed  out  the  importance 
of  suppressing  the  use  of  Bickford  fuze  in  fiery  mines,  and  described  methods  to 
supersede  it,  especially  friction  fuzes  and  electricity. 

Friction  fuzes  analogous  to  those  used  for  artillery  were  applied  about  1868  in 
the  Anzin  mines.  About  1881,  MacNab  in  England  and  Ruggieri  in  France  tried  to 
introduce  such  fuzes  without  success.  The  friction  fuze  invented  by  Lieut.-Col. 
Lauer,  of  Austria,  is  in  use  in  the  Karwin  mines. 

Electric  firing  is  in  use  in  a  few  mines,  and  is  convenient  for  sinking  pits  and 
stone  drifts,  but  not  when  the  apparatus  has  to  be  carried  about.  Only  currents  of 
very  feeble  tension  are  permissible  or  sparks  may  be  caused  capable  of  igniting  fire- 
damp. At  present  Mi-.  Janet  thinks  it  would  not  be  practicable  to  prohibit  the 
use  of  Bickford  fuze. 

Bickford  fuze  may  cause  ignition  of  fire-damp  (1)  by  the  incandescent  body 
employed  to  ignite  the  fuze,  (2)  by  the  sparks  produced  at  the  moment  of  ignition, 
(3)  by  sparks  projected  through  the  fuze  during  its  combustion,  (4)  by  gas  proceeding 
from  the  combustion  of  the  explosive  before  detonation  in  case  the  fuze  is  put  too 
far  into  the  cartridge,  and  is  in  direct  contact  with  the  explosive.  Of  these  dangers, 
(3)  and  (4)  are  beyond  the  direct  control  of  miners  and  owners,  but  they  may  be 
reduced  by  employing  only  the  best  fuze,  and  testing  it,  and  by  care  in  the  selection 
of  shot-firers.  The  dangers  (1)  and  (2)  ma}^  be  remedied  more  efficaciously.  Sparks 
are  only  emitted  from  the  end  of  the  fuze  while  it  is  burning  the  first  few  inches,  or 
with  a  liberal  coefficient  of  safety,  say,  4  inches. 

The  danger  will  therefore  be  removed  if  the  lighting  is  effected  in  a  space  so 
closed  as  to  prevent  passage  of  flame.     This  can  be  done  in  several  ways. 

1. — By  an  incandescent  body  incapable  of  igniting  firedamp  carried  in  a  tube 
just  large  enough  to  receive  the  end  of  the  fuze.  Nitrated  charcoal  has  been  used 
in  this  way,  but  the  degree  of  safety  resulting  is  considered  precarious. 

2. — Ignition  by  chemical  reaction.  The  Bickford  safety  shot-lighter  which  depends 
on  the  heat  produced  by  contact  of  sulphuric  acitl  with  chlorate  of  potash  is 
minutely  described. 

3. — Ignition  by  a  fulminate  cap,  the  end  of  the  fuze  being  placed  in  the  tube  of 
a  pistol  specially  designed  for  the  purpose.     Such  an  apparatus  is  described. 

4.— Ignition  by  a  safety-lamp.  The  Heath  and  Frost  shot  lighting  lamp  is 
described. 

5. — Ignition  by  pneumatic  spark.     An  apparatus  for  effecting  this  is  described. 

All  the  above  methods,  except  the  Bickford  shot-lighter,  require  the  person  lighting 
the  shot  to  wait  some  seconds  after  the  fuze  is  ignited,  which  is  a  disadvantage. 

W.  N.  A. 


SAFETY  EXPLOSIVES. 

Experiences  sur  les  Uxplosif-f  de  Securite.    By  E.  Laemoyeux  and  L.  Namub. 

lie  cue  Uiiiverselle  des  Mines,  etc.,  third  series,  vol.  xviii.,j}p.  280-323. 

The  explosives  experimented  on  were  Grisoutite  and  Antigrisou-Favier.  The 
experiments  bore  chiefly  on  the  influence  of  temperature  and  the  length  of  the 
stemming.  The  first  series  of  experiments  were  made  with  very  short  lengths  of 
stemming  of  coal  and  clay  at  very  high  temperatures.  The  second  series  were  made 
with  clay  stemming  from  1  to  4  inches  long  at  temperatures  from  109"4  degs.  to 
134'6  degs.  Fahr.  The  third  series  were  made  with  clay  stemmings  of  4  inches  in 
length  at  temperatures  not  exceeding  122  degs.  Fahr. 

Other  experiments  were  made  to  determine  the  comparative  strength  of  the  two 
explosives  in  order  to  compare  the  conditions  of  safety  with  quantities  of  explosive 
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equal  in  force  but  unequal  in  weight.  The  trials  of  force  were  made  by  observing 
the  expansion  caused  by  explosions  in  blocks  of  lead,  and  by  the  distance  a  ball 
weighing  30-8  lbs.  was  thrown  from  a  mortar  laying  at  an  angle  45  degs.  The  con- 
clusions are  (1)  that  38-5  grains  of  antigrisou  is  1-05  times  stronger  than  the 
grisoutite  from  Vingt  Quatre  Actions,  and  that  Favier  No.  1  is  two-and-a-half  times 
stronger  ;  (2)  that  77-15  grains  of  antigrisou  is  1-9.5  times  stronger  than  any  of  the 
grisoutites  tested,  and  that  Favier  No.  1  is  2-4  times  stronger;  and  (3)  that  compressed 
powder  is  about  2-3  times  stronger  than  the  grisoutite  from  Quatre  Vingt  Actions. 
The  foUownng  are  analyses  of  some  of  the  grisoutites  used : — ■ 


Grisoutite 

Grisoutite 

Grisoutite 

from 

from 

from 

Marcinette. 

Marcinette. 

L'Agrappe. 

Nitro-glvcerine 

45-12 

43-65 

43-80 

Hydrated  sulphate  of  magnesia 

43-88 

45-96 

45-50 

Cellulose 

10-20 

10-07 

10-70 

Loss        

0-80 

0-32 

0-00 

100-00 


100-00 


100-00 


Antigrisou  is  composed  of  ten  parts  of  chloride  of  ammonia  and  a  hundred  parts  of 
Favier  No.  1.  Favier  No.  1  is  composed  of  eighty-eight  parts  of  nitrate  of  ammonia 
and  twelve  parts  of  binitro-naphthaline. 

The  experiments  were  made  at  Marchienne  Colliery.  The  apparatus  consisted 
of  a  boiler  tube  14-92  feet  long  and  5-08  feet  in  diameter,  fitted  with  six  panes  of 
strong  glass  for  observation  ;  it  was  open  at  one  end  and  closed  by  masonry  at  the 
the  other,  in  which  was  fixed  a  cannon  of  Krupp  steel  2-62  feet  long  and  1-8  feet  in 
diameter,  having  a  bore  1-64  feet  long  and  1-96  inches  in  diameter.  A  serpentine 
steam  pipe  was  used  for  heating,  and  a  hinged  fan  worked  from  the  outside  was  used 
to  mix  the  gas  and  air.  Two  manholes  acted  as  safety  valves,  and  there  was  a 
small  hole  for  the  passage  of  a  thermometer  into  the  boiler.  During  the  experiments 
with  gas  the  two  manholes  and  the  mouth  of  the  tube  were  closed  by  paraffined 
paper.  The  tube  had  a  capacity  of  307-79  cubic  feet,  and  could  be  divided  into  two 
iinequal  parts  by  an  iron  ring  to  reduce  the  volume  to  153-60  cubic  feet.  In  order 
to  preserve  the  bore  of  the  cannon  the  explosives  were  introduced  ready  stemmed 
in  cylinders  of  beech  wood,  fitting  the  cannon  closely;  the  cylinders  were  1-64  feet 
long,  and  had  a  bore  in  the  centre  1-60  feet  long  and  1-3  inches  in  diameter.  The 
shots  were  fired  by  Gevelot  caps,  primed  with  Schlesinger  lighters.  Lighting  gas 
from  the  Charleroi  gas-works  was  used,  having  the  following  average  composition  : 


Hydrogen  

Marsh  gas  ...         

Acetylene,  comprising  a  little  butylene, 
amylene,  and  other  hydrocarbons  belong- 
ing to  the  series  CnH2n  +  2 

Carbonic  acid  gas 

Carbonic  oxide 

Oxygen    

Nitrogen... 


By  Vol. 

By  Weight 

41-85 

6-2551 

42-00 

54-1481 

8-00 

19-3154 

1-50 

5-2214 

6-00 

13-4210 

0-.50 

1-2914 

0-15 

0-3270 

100-00 


99-9794 


-     This  gas  was  considered  particularly  dangerous  on  account  of  the  large  propor- 
tion of  free  hydrogen. 

The  explosive  mixtures  into  which  the  shots  were  fired  contained  from  10  to  15 
per  cent,  of  gas  and  coal-dust  raised  by  the  fan. 
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Grinmtite.—oi  trials,  21  with  coal  stemming  from  7-18  to  0-9  inches  long,  and 
temperature  rising  to  136-4  degs.  Fahr. ;  i  explosions  with  stemmings  of  1-33,  1-96, 
!•%,  and  1-96  inches  at  temperatures  of  134-6  degs.,  132-8  degs.,  134-6  degs.,  and  136-4 
degs.  Fahr.,  and  with  charges  of  from  1-14  lbs.  to  1-32  lbs.  33  trials  with  clay- 
stemming  from  3-93  to  1-18  inches  at  temperatures  rising  to  141-8  degs.  Fahr.  ;  4 
ignitions  with  stemmings  of  3-93,  3-93,  r.57,  and  1-18  inches  at  temperatures  of  95 
degs.,  89-6  degs.,  136-4  degs.,  and  134-6  degs.  Fahr.  Stemming  with  coal  did  not 
appear  sensibly  to  aggravate  the  danger  of  explo.sion.  The  influence  of  the  length 
of  the  stemming  was  particularly  manifested.  On  account  of  the  horizontal  position 
of  the  cannon,  when  the  coal  stemming  was  reduced  to  1-37  inches  it  would  form  a 
slope  of  45  degs.  at  the  most  in  the  interior  of  the  wood  cylinder  of  1"3  Inches 
in  diameter,  and  consequently  the  cartridges  of  antigrisou  of  ri8  inches  in  diameter 
would  have  their  upper  part  uncovered  by  the  working  of  the  fan.  In  order  to 
obviate  this,  the  short  stemmings  were  maintained  in  position  by  a  sheet  of  paper. 
Sometimes  the  grisoutite  caused  inflammation  after  withstanding  more  severe 
conditions  which  might  be  due  to  difference  of  composition.  The  same  occurred 
with  antigrisou. 

Antigrisou. — No  ignition  occurred  shortly  after  the  shots,  and  no  incomplete 
explosions.  54  trials  were  made,  22  stemmed  with  coal,  and  32  stemmed  with  clay. 
4  explosions  occurred  with  coal  stemmings  of  1-3,  0-94,  0-98,  and  1-37  inches  at  tem- 
peratures of  129-2  degs.,  136-4  degs.,  138-2  degs.,  and  120-2  degs.  Fahr.  3  explosions 
took  place  with  clay  stemmings  of  1-57,  1-96,  and  3-93  inches  at  temperatures  of 
129-2  degs.,  121-1  degs.,  and  131  degs.  Fahr.  One  explosion  was  produced  with  a 
clay  stemming  of  3-93  inches,  a  charge  of  0-56  lbs.,  and  a  temperature  of  131  degs. 
Fahr.,  although  a  trial  under  the  same  conditions  of  charge  and  stemming  had  taken 
place  at  a  temperature  of  140  degs.  Fahr.  without  causing  inflammation.  A  length 
of  3-93  inches  of  stemming  represented  nearly  one-fourth  the  length  of  the  charge. 
There  was  little  difference  between  coal  stemming  and  clay  stemming. 

As  before  stated  the  strength  of  antigrisou  is  to  that  of  grisoutite  as  1-95  :  1; 
compared  under  conditions  of  equal  strength,  antigrisoutite  offers  greater  safety 
than  grisoutite,  because  with  the  latter  there  were  two  Ignitions  at  89-6  degs.  and 
95  degs.  Fahr.  with  charges  of  1-05  lbs.  and  1-08  lbs.,  and  with  antigrisou  one  inflam- 
mation at  131  degs.  Fahr.  with  a  charge  of  0-56  lbs.,  corresponding  to  a  charge 
of  1*09  lbs.  of  grisoutite.  Antigrisou  requires  more  care  in  charging,  as  if  the  cart- 
ridges are  broken  there  is  risk  of  misfires,  total  or  partial.  The  writers  do  not  think 
the  hygroscopic  nature  of  the  nitrate  of  ammonia  is  such  as  to  prevent  the  use  of 
antigrisou.  The  grisoutines  present  the  same  inconveniences,  and  yet  their  employ- 
ment extends. 

The  explosives  of  the  future  will  be  those  producing  no  solid  residue,  because 
their  flame  extends  to  a  much  shorter  distance. 

Tables  are  given  with  details  of  the  experiments,  and  an  Appendix  with  experi- 
ments on  various  explosives  submitted  to  shocks.  W,  N.  A. 


IKSTANTANEOUS  OUTBURSTS  OF  FIKE-DAMP. 

Note  .«/?•  les  Degagements   Instantones  de  Grisou   mtx   Mines  de  Besseges.     By 

Messes.  Ichok  and  Lombard.    Annales  dc^  Mines,  series  9, 1892,  vol.  i.,pp. 

557-603,  and  plate  XXII. 

A  number  of  sudden  or  instantaneous  liberations  of  fire-damp,  accompanied  in 

some  cases  with  sulphuretted  hydrogen,  occurred  at  Besseges  collieries  from  August 
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10th,  188fi,  to  January  18th,  1892.  They  took  place  in  two  distinct  districts  (1) 
in  a  series  of  seams  below  the  barren  ground  where  the  seams  were  worked  at  a 
depth  exceeding  380  yards ;  both  where  flat  and  steeply  inclined ;  (2)  in  a  level 
cross-measure  drift  from  the  Brissac  pit,  which,  after  crossing  the  series  of  seam 
below  the  barren  ground,  and  also  a  large  fault,  traverses  the  barren  ground  for 
1,250  yards,  and  cuts  other  seams  geologically  above  it.  The  Creal  drift  is  now 
3,290  yards  long.  The  points  where  the  instantaneous  liberations  of  gas  took  place 
were  from  490  to  600  yards  below  the  surface. 

In  the  first  district,  twenty  liberations  occurred  in  four  seams  of  coal.  In  the 
cross-measure  drift,  there  were  fifteen  liberations  in  four  seams,  by  one  of  which  two 
miners  were  killed.  Two  other  outbursts  of  gas  are  described  which  took  place  in 
stone  drifts  where  there  was  no  coal.  JSo  explosions  resulted  from  any  of  the  out- 
bursts. 

After  the  fatality  in  the  Creal  cross-measure  drift,  additional  precautions  were 
taken  when  cutting  seams  of  coal  as  follows  : — (1)  Shots  were  fired  only  in  the  roof  or 
floor  of  the  seam,  and  never  in  the  coal;  (2)  the  shots  were  fired  singly,  with  white 
fuze  and  safety  lighters,  or  by  electricity,  safety  explosives  only  being  used  ;  (3)  the 
workmen  retired  during  shot-firing  to  a  special  refuge,  150  or  200  yards  from  the 
face,  made  in  the  rock,  with  a  strong  door  opening  outward,  and  ventilated  by  a 
compressed  air-pipe ;  a  window  in  the  door  allowed  a  lamp  placed  in  a  niche  out- 
side to  be  seen  ;  (4)  in  order  further  to  diminish  the  chances  of  inflammation  the 
Korting  blower  used  for  ventilation  was  stopped  when  shots  were  fired,  so  that  if 
gas  was  liberated  by  the  shot  it  might  be  less  mixed  with  air. 

In  consequence  of  the  entire  absence  of  any  warning  of  the  outbursts  in  the 
Creal  drift  it  was  considered  safer  to  endeavour  to  liberate  the  outbursts  by  firing 
shots  rather  than  to  advance  by  pick  work  with  advance  boreholes. 

The  liberations  of  gas  which  took  place  in  the  seams  below  the  barren  ground 
were  not,  strictly  speaking,  instantaneous,  inasmuch  as  they  were  heralded  by 
certain  indications.  These  were,  first  a  hissing  sound,  then  generally  a  louder  noise, 
crackling  in  the  coal,  and  cracking  of  the  timber  for  a  few  minutes  (sometimes  three 
or  four)  before  the  outburst.  In  one  case  a  workman  was  caught  up  to  the  knees 
in  the  projected  small  coal,  and  in  another  case  a  man  was  blown  down  by  the  gas 
before  escaping. 

In  most  cases  the  lamps  of  the  workmen  were  extinguished,  and  sometimes  the 
fire-damp  spread  so  rapidly  and  so  far  as  to  extinguish  lamps  at  a  distance,  and  fill 
hundreds  of  yards  of  roadways.  Ten  lamps  were  once  extinguished  at  a  distance  of 
375  yards  in  the  return  air-course.  Most  of  these  liberations  were  accompanied  by 
a  projection  or  detachment  of  the  coal,  sometimes  from  the  face  only,  and  at  others 
from  the  sides  or  floor.  In  several  cases  the  workmen  at  the  moment  when  they 
heard  the  precursory  noises  could  see  the  working  face  coming  in  on  them  as  it  were. 
The  amount  of  coal  thus  projected  was  generally  proportional  to  the  quantity  of  gas 
liberated,  and  varied  from  a  few  wagons  to  50  tons.  There  were  also  considerable 
mechanical  effects.  In  one  case  four  settings  of  timber  were  overthrown,  and  partly 
broken,  a  wagon  was  thrust  3  yards  back,  and  filled  with  coal,  the  gallery  being 
completely  filled  with  coal  for  5^  yards.  The  quantity  of  gas  liberated  varied  much, 
in  one  case  it  was  estimated  tliat  28,000  cubic  feet  escaped  in  the  first  150  seconds, 
and  176,000  cubic  feet  in  12  hours.  The  fire-damp  was  frequently  accomi)anied  by 
sulphuretted  hydrogen,  which  was  also  sometimes  given  off  in  ordinarj^  workings, 
and  when  in  considerable  proportion  incommoded  the  workmen  much  more  than 
the  fire-damp. 

In  most  cases  the  coal  contained  about  20  to  23  per  cent,  of  volatile  matter,  and 
the  projected  coal  was  very  tender  and  friable,  but  in  some  cases  the  coal  was 


o44  NOTES  OF  PAPERS  IN  FOREIGN 

harder  than  usual.  In  one  of  these  cases  the  projected  coal  was  covered  with  very 
fine  dust  in  the  form  of  soot.  It  was  generally  observed  that  coal  which,  before  the 
outburst,  was  tender,  became  harder  afterwards.  The  coal  was  sometimes  so  tender 
that  a  borehole  could  not  be  maintained  in  it.  In  no  case  did  boreholes  prevent  a 
liberation  of  gas.  (The  same  observation  might  be  made  of  outbursts  in  Belgium, 
especially  in  the  case  of  the  enormous  outburst  at  I'Agrappe,  where  the  working 
face  was  preceded  by  several  boreholes,  4  to  5  yards  long.)  Sometimes  the  outburst 
occun-ed  after  considerable  surfaces  of  the  coal  had  been  exposed  to  the  air  for  a 
long  time. 

In  some  cases  successive  outbursts  took  place  in  short  distances,  a  few  yards 
apart.  All  these  outbursts,  except  one  small  one,  occurred  in  narrow  places,  eight 
in  downbrows,  six  in  levels,  and  five  in  stone  drifts  while  crossing  seams  of  coal. 
In  eleven  cases  they  occurred  near  irregularities  and  small  faults  or  foldings. 

The  liberations  which  occurred  in  the  Creal  cross-measure  drift  in  the  seams 
above  the  barren  ground  were  more  dangerous  than  those  occurring  below  the 
barren  ground.  They  occurred  without  any  previous  warning,  and  usually  immedi- 
ately after  the  firing  of  shots.  Larger  amounts  of  coal  were  projected,  although  the 
seams  were  harder  and  thinner.  The  coal  was  projected  as  much  as  40  yards  from 
the  face,  and  in  one  case  was  partly  in  a  state  as  fine  as  soot. 

The  outbursts  in  the  Creal  drift  were  excessively  sudden,  and  did  not  persist 
after  the  projection  of  the  coal.  The  coal  adjoining  that  projected  was  several  times 
found  to  have  a  vertical  laminated  structure  in  the  part  next  the  roof,  with  inter- 
stices between  the  laminations.  A  vacant  space  between  the  coal  and  the  roof  was 
also  several  times  observed. 

It  might  be  supposed  from  these  facts  that  besides  the  gas  condensed  in  the 
particles  of  coal,  there  may  have  been  gas  in  a  free  state  in  these  cavities,  and  that 
it  is  to  the  existence  of  these  cavities,  exposed  by  boreholes,  pick  work,  or  shots, 
that  the  instantaneous  outbursts  are  due,  which,  once  commenced,  are  propagated 
in  consequence  of  the  rupture  of  the  equilibrium.  W.  N.  A. 


CAUCASIAN  GARNET. 

Granat  von  Kedaheli  in  KatiTiaskn.  By  WiLH.  MuLLER.  Keuex  Jalirhvch  fur 
Mineralogie,  etc.,  1891,  vol.  i.,pp.  272-273.  Stuttgart. 
The  garnet  is  said  to  occur  abundantly  in  "nests"  in  a  "limestone  hill"  about 
three-quarters  of  a  mile  north  of  the  Siemens  copper-works  at  Kedabek  (Caucasus). 
It  is  supposed  to  be  the  result  of  contact-metamorphism  of  a  Mesozoic  limestone  by 
one  of  the  eruptive  rocks  common  in  the  district.  The  garnet,  being  easily  fusible, 
is  used  as  a  flux  in  smelting  the  ore — chiefly  copper  pyrites — at  the  copper  works. 
In  the  massive  garnet  are  druses  containing  well-formed  crystals,  as  fine  as  any  that 
are  known  to  occur  ;  those  seen  by  the  author  ranged  from  wine-yellow  to  honey- 
yellow  in  colour,  and  attained  1^  inches  in  greatest  diameter.  An  analysis  made  at 
Charlottenburg  gave  the  following  result  i—SiOj  39  23  per  cent.,  CaO  35-95  per 
cent.,  Al^O,  2273  per  cent.,  Fe^O,  1*76  per  cent.,  loss  by  ignition  0*14  per  cent. ; 
total  =  99-81.  O.  S.  E. 


STUDIES  IX  STRUCTURAL  GEOLOGY. 
Hi/  Bailey  Willis.     The  Engineering  and  Mining  Journal.  1892,  tol.  liv.,  pp 
390-391,  and  three  figures. 
The  author  has  conducted  experiments  with  wax  models,  -with  the  object  of 
investigating  the  formation  of  synclines,  anticlines,  folds,  and  faults  by  lateral  and 
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vertical  pressure.  In  making  the  experiments  it  was  recognized  that  (1)  the  ma- 
terials used  in  the  models  to  represent  stratified  rocks  should  vary  in  consistency 
from  brittle  to  plastic,  according  to  the  depth  at  which  the  deformation  is  supposed 
to  take  place  ;  (2)  the  compression  should  be  carried  on  under  a  movable  load  to 
represent  the  weight  of  the  superincumbent  strata ;  and  (3)  the  piles  of  strata 
should  rest  on  a  yielding  base,  to  simulate  the  conditions  of  support  of  any  arc  of 
the  earth's  crust. 

The  principal  material  used  was  wax,  which  made  a  hard  brittle  substance  when 
mixed  with  plaster  of  Paris,  and  a  soft  butter-like  substance  when  mixed  with 
Venice  turpentine.  The  layers  were  placed  in  a  box  loaded  with  1,000  lbs.  of  shot. 
The  lateral  compression  was  produced  by  the  slow  advance  of  a  piston  from  one 
side. 

The  general  conclusions  resulting  from  the  experiments  as  regards  tlaeir  applica- 
tion to  the  explanation  of  geological  phenomena  were  : — 

1. — When  a  thrust  affects  a  stratified  mass  laterally,  it  is  transmitted  in  the 
direction  of  the  strata  and  through  each  stratum  according  to  its  relative  inflexi- 
bility. At  any  bend  the  force  is  resolved  into  components,  one  radial  and  the  other 
tangential  to  the  dip  beyond  the  bend.  The  radial  component,  if  directed  upward, 
tends  to  raise  the  stratum  and  its  load  ;  if  directed  downward  it  tends  to  depress 
the  stratum  and  displace  its  support. 

2. — A  thrust  so  resolved  can  only  raise  an  anticline  which  is  strong  enough  to 
sustain  the  load  lifted  by  its  development ;  such  an  arch  is  called  "  competent." 
Since  strength  is  a  function  of  the  proportions  of  a  structure,  it  follows  that  for  a 
given  stratum  the  size  of  a  competent  anticline  will  vary  inversely  as  the  load,  and 
for  a  given  load  the  size  will  vary  as  the  thickness  of  the  effective  stratum.  Original 
anticlines,  however,  which  are  co-extensive  with  the  conditions  of  the  deposition 
may  have  limits  longer  than  their  simply  competent  arches  would  have. 

3. — The  superincumbent  load  borne  by  a  competent  anticline  is  transferred  to 
the  supports  of  the  arch  at  the  points  of  inflexion  of  the  limbs.  Hence  soft  strata 
are  thinned  on  the  limbs  and  thickened  on  the  axes  of  folds  within  the  competent 
arch.  Thus  may  be  explained  the  great  local  thickening  of  coal-beds  along  anti- 
clines, and  the  spaces  occupied  by  some  large  bodies  of  iron  ores  along  similar  lines 
of  relief  from  pressure,  as  in  the  Lake  Superior  mines. 

4. — When  a  competent  arch  is  raised  by  a  thrust  from  one  side,  the  load  trans- 
ferred may  so  depress  the  resulting  syncline  further  from  the  force,  that  an  initial 
dip  will  be  produced  in  otherwise  undisturbed  strata.  This  dip  will  rise  to  a  bend 
from  which  a  new  anticline  may  be  developed.  This  anticline  is  a  result  of  the  first, 
and  may  be  called  "  subsequent,"  in  distinction  from  original  folds.  Since  sub- 
sequent folds  are  simply  competent  structures,  their  .size  will  be  determined  by 
conditions  of  thickness  and  load  ;  they  also  must  be  parallel  to  the  original  folds  and 
to  each  other.  A  good  example  of  an  original  fold  and  subsequent  anticlines  is 
afforded  by  the  Nittany  arch  and  the  group  of  adjacent  parallel  anticlines  which 
extend  north-east  from  the  Broad  Top  basin.  M.  W.  B. 


THE  ACTION  ON  MINERALS  OF  WATER  IN  MOTION. 

De  V Action  de  I'Fau  en  mouvemcnt  sur  qvelqnes  Mincranx.     Bij  Peof.  J.  Thoulet. 
Annales  dcs  Mine.f,  1892,  .<ieries  9,  vol.  i.,2U^-  118-135  nnd  plate  V.     Faris. 
The  author  describes  and  figures  the  simple  apparatus,  consisting  of  a  flask  and 
glass  tubes,  which  he  used  in  a  series  of  experiments  on  white  marble,  felspar  rock, 
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and  lithographic  limestone.  Fragments  of  these  were  placed  in  a  vertical  tube  and 
other  fragments  in  the  flask,  water  running  through  the  tube  into  the  flask  and  out 
of  it  by  a  syphon  arrangement. 

A  first  series  of  experiments,  from  July,  1887,  to  June,  1888,  extended  over  333 
days.  The  apparatus  was  then  found  covered  in  parts  with  an  ochreous  deposit,  and 
so  were  the  mineral  fragments.  The  deposit  was  easily  washed  off  these  with  a  pretty 
strong  spray  of  water,  but  not  so  if  the  fragments  were  allowed  to  dry  first  in  the  air. 

The  surface  of  the  lithographic  limestone  was  pitted  like  those  limestones  which 

are  subjected  to  much  atmospheric  weathering,  and  the  marble  showed  some  slight 

surface-puncturing.     The  fragments  were,  of  course,  weighed  before  and  after  the 

experiments,  and  the  relations  of  wear  in  still  water  (flask)  and  wear  in  running 

water  (vertical  tube)  are  expressed  by  the  following  figures  : — 

wear  in  running  water  1*22 

^^^^^^^         wear  in  still  water        ""     IT' 

wear  in  running  water  l"3fi 

Lithographic  limestone : — Pi =    — r-- 

°    '■  wear  in  still  water  1 

Felspar  rock  ...         ...         ...     wear  in  running  water    _     1  +  a: 

wear  in  still  water  1 

That  X  in  the  last  case  is  a  positive  quantity  is  certain,  but  the  author  appears 

unable  to  state  the  exact  figure. 

Further  results,  based  on  the  estimation  of  the  ochreous  deposits,  are  cited  to 

show — 

(1)  That  for  a  given  solid  immersed  in  a  liquid  the  attraction  of  another  solid 

in  solution  is  proportional  to  the  surface-area  of  the  first  solid. 

(2)  That  for  different  solids  so  immersed  the  energy  of  attraction  increases  in 

direct  ratio  with  the  compactness  of  structure  of  the  immersed  solid. 
Thus  glass  attracts  more  ochre  from  the  water  than  felspar  rock,  this 
more  than  lithographic  limestone,  and  so  on. 

But  the  author  was  not  entirely  satisfied  with  this  first  series  of  experiments, 
and,  modifjdng  slightly  his  apparatus,  he  experimented  with  cylinders  of  polished 
statuary  marble,  suspended  in  water  for  227  days — from  November,  1889,  to  July, 
1890.  Each  cylinder,  according  to  its  position  in  the  apparatus,  was  in  water  whose 
rate  of  motion  varied  from  nil  to  about  9  inches  per  second.  No  ochreous  deposit 
was  formed  (of  any  stability  at  least),  but  when  the  marble,  after  drying,  was 
rubbed  between  the  fingers,  grains  of  it  came  off  of  themselves.  Weighing  as  before 
it  was  seen  that  the  more  rapid  the  rate  of  motion  of  the  water,  the  greater  was  the 
loss  of  weight  of  the  cylinders.  Similar  experiments  were  made  with  lithographic 
limestone  cylinders  for  72  days — from  November,  1890,  to  January,  1891.  There 
was  practically  no  ochreous  deposit,  but  the  surfaces  of  the  stone  were  punctured 
all  over  as  if  with  a  fine  needle-point. 

From  these  experiments  the  author  is  enabled  to  deduce  what  he  terms  the 
coefficient  of  erosion  due  to  motion  (of  water). 

For  marble  the  coeflScient  is  approximately  '000000022. 

For  lithographic  limestone  it  is  approximately  '000000018. 

The  insignificance  of  these  numbers  tends  once  more  to  disprove  the  theory  that 
foraminiferal  tests  falling  through  the  ocean  depths  are  nearly  all  dissolved  before 
reaching  the  bottom,  and  dissolved  the  more  rapidly  the  quicker  they  fall.  The 
results  here  summarized,  coupled  with  others  previously  published  by  the  same 
author,  tend,  on  the  other  hand,  to  support  the  conclusions  arrived  at  by  Messrs. 
John  Murray  and  Irvine  in  their  now  celebrated  and  most  exhaustive  experiments 
on  carbonate  of  lime  formations.  0.  S.  E. 
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THE  ROCKS  OF  EQUATORIAL  EAST  AFRICA. 
Ueher  die  von  Linienschiffs-Lievtenant  L.  v.  Hohnel  av.i  Ost-Afriica  mitgcbrachten 
Gesteine.    By  Fbanz  Toula.     Neiies  Jahrhuch  fur  Mincralogie,  etc.,  1890, 
vol.  it.,  pp.  185-186.     Stvttgart. 

The  Austrian  naval  lieutenant,  Von  Hohnel,  during  his  journey  in  Equatorial 
East  Africa  with  Count  Teleki,  collected  a  number  of  rock-specimens,  which  he 
submitted  on  his  return  to  Vienna  to  Herr  Toula.  The  results  arrived  at  were  the 
following : — 

Going  from  south  to  north,  hornblendic  gneisses  and  granulites  are  the  prevailing 
rocks  (Niruasi,  Levva,  Kwafungo,  Kisingo).  Garnet-amphibolite  is  found  in  the 
Sogonoj  Range,  south  of  Mount  Kilimandjaro.  At  Ulu-Joeti,  between  this  mountain 
and  Kenia,  there  occurs  a  gneiss  containing  two  kinds  of  mica,  and  what  is  described 
as  a  "  red  earth,"  consisting  of  quartz  grains,  probably  discoloured  by  iron. 

On  this  basis  of  ancient  crystalline  rocks  arise  the  mighty  volcanic  peaks  of 
Kilimandjaro  and  Kenia.  Phonolite,  andesite-pitchstone  and  augite-andesite 
occur  on  the  latter  mountain ;  quartz-trachytes  and  basalts  are  found  at  Kikuju,  and 
trachytic  tuffs  west  of  Mount  Kenia.     No  finds  of  economic  interest  are  mentioned. 

O.  S.  E. 


THE  OCCURRENCE  OF  ORES  IN  THE  GERMAN  PROTECTORATE 
IN  SOUTH-WEST  AFRICA. 

Geolog isch-viineralof] ixche  Mittheilvngen  ans  Siidioest  Afrikci.   JiyGEOUG  GURICH. 
2\'eucf!  Jahrhnrh  fur  Mineralogie,  etc.,  1890,  rol.  i.,pp.  103-117.     Stuttgart. 

The  author  collected  the  minerals  here  alluded  to  in  a  journey  which  he  made 
through  Damaraland  and  Namaqualand  in  1888. 

Bismuth  is  found  in  several  localities  in  small  particles  disseminated  through 
colourless  quartz.  Gold  is  reported  from  1.3  localities,  sometimes  in  gneiss,  some- 
times in  quartz,  and  almost  invariably  associated  with  ores  of  copper  (malachite, 
copper  glance,  red  copper  oxide,  etc.).  Copper  glance  is  generally  found  distributed 
in  masses  in  quartz,  whilst  copper  pyrites  is  so  abundant  as  to  be  regularly  worked 
in  mines ;  the  last-named  ore  appears  to  occur  generally  in  hornblende-gneiss  and 
pegmatite.  Specular  iron  ore  has  been  found  in  three  localities,  whilst  magnetite 
is  one  of  the  minerals  of  most  common  occurrence  in  the  country.  Graphite  is  dis- 
tributed in  small  scales  through  certain  coarsely  crystalline  limestones,  and  galena, 
wolfram,  and  native  sulphur  are  among  the  other  minerals  which  are  known  to 
occur.  0.  S.  E. 


THE  SIERRA  DE  LA  VENTANA,  ARGENTINE  REPUBLIC. 

La  Sierra  de  la  Ventana,     By  Ed.  Aguiee.     Anales  de  la  Sociedad  cientijica 
Argentina,  1891,  vol.  xxxii.,pp.  22-33,  with  two  j'lates.    Buenos  Ayres. 

The  predominating  rocks  of  the  Sierra  are  quartzites  and  mica-schists.  The 
quartzite  is  generally  compact  and  crystalline,  but  among  the  hills  near  the 
Estacion  Pigiie  the  rock  assumes  rather  the  facies  of  a  fine-grained  sandstone,  good 
for  building  purposes  and  easily  hewn.  Here  also,  and  near  the  Estacion  Torn- 
quist,  occur  masses  of  slate  (though  not  in  paying  quantities),  sometimes  accom- 
panied by  a  fine  white  earthy  material,  a  silicate  of  alumina  and  magnesia,  which 
is  said  to  make  good  fireclay.     In  some  localities,  as  on  the  northern  flank  of  the 
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Ventana  Hill,  conglomerates  with  a  ferruginous  matrix  are  found.  In  the 
Sierra  del  Chaco  the  quartzite  contains  as  much  as  20  per  cent,  of  iron,  and 
there  are  pseudomorphs  of  pyrites  to  be  seen.  The  search  for  other  minerals,  includ- 
ing gold,  has  proved  unsuccessful.  The  mica-schists  are  very  variable  in  character, 
but  are  likely  to  furnish  good  roofing-slates  in  some  localities.  A  mass  of  v^'hite 
granite  occurs  at  Aguas  Blancas,  near  Alfalfa.  0.  S  E. 


CALCAREOUS  TUFAS  IX  THE  VALE  OF  MEXICO. 

Las  tobas  caVizas.      By  EzEQ.    Ordonez.      Memorias  de  la  Snciedad  cientifica 
"Antonio  Alzate;'  1891,  vol.  Iv.,  pp.  239-242.     Mexico  City. 

Calcareous  tufas,  evidently  of  lacustrine  formation,  and  probably  of  Pleistocene 
age.  cover  a  vast  extent  of  country  in  the  immediate  vicinity  of  Mexico  City.  They 
are  pale  grey  in  colour,  and  contain  many  cavities  lined  with  menilite  (hydrated 
silica).  The  tufas  have  been  used  lately  for  the  manufacture  of  cement,  but  the 
proportions  of  clay  and  silica  to  which  they  owe  their  hydraulic  properties  are 
found  to  vary  from  place  to  place.  0.  S.  E. 


THE  MIXING  DISTRICTS  OF  TARMA,  IX  PERU. 

Berg-  vnd  HuettenmdnmseJke  Mitthcilvngen  iiher  die  Provinz  Tarma  in  Pent.  By 
Martin  Kohlmoegen.  Zeitxrhrift  filr  dns  Bery-  Hiitten-  nnd  Snlincmoenen 
ini  Prpuxxi-^clien  Staate,  1890,  vol.  xxxviii.,  JU^-  302-317. 

The  author  sketches  briefly  the  topography  of  the  province  of  Tarma.  In  that 
portion  of  Peru  the  Cordilleras  of  the  Andes  form  two  parallel  ranges  running 
N.N.W.,  and  S.S.E.,  between  which  lies  a  high  table-land,  about  14,000  feet  above 
sea-level.  This  table-land  is  made  up  of  Cretaceous  rocks,  consisting  of  alternating 
sandstones,  limestones,  and  marls,  with  coarse  conglomerate  below.  They  dip  in  a 
general  way  gently  to  the  X.E.,  and  in  some  parts  they  lie  nearly  horizontal.  The 
main  range  of  the  Cordilleras  consists  here  of  igneous  rocks  whose  eruption  has  dis- 
torted and  faulted  the  limestones  and  sandstones. 

Argentiferous  copper  ores  occur  in  the  eruptive  rocks,  but  the  deposits  are  richer 
in  the  neighbouring  metamorphosed  limestones,  and  in  these  are  accompanied  by 
galena.  Antimony  is  found  near  Yauli,  but  the  occurrences  of  gold  and  native 
mercury  are  insignificant. 

A  coal-seam,  over  3  feet  thick,  accompanied  by  fossiliferous  bituminous  shales, 
is  worked  in  the  limestone  at  Pariatambo,  near  Saco.  Workable  asphalt  deposits 
are  found  in  the  Huari  Valley  and  Soaro. 

One  mile  south  of  Yauli  are  warm  springs,  average  temperature  52  degs.  Cent.  (  = 
93  degs.  Fahr.),  which  give  rise  to  deposits  of  tufaceous  limestones;  while  there  are 
brine  springs  at  Ondores  and  Cacas.  That  of  Cacas  was  known  to  the  Incas,  the 
ancient  rulers  of  Peru,  and  is  now  used  as  a  salt-supply  locally.  Near  the  same 
place,  gypsum  appears  in  streaks  and  layers  in  the  rocks,  and  there  is  a  workable 
rock-salt  deposit  at  San  Bias,  32  miles  south  of  Cerro  de  Pasco.  A  bed  of  rock-salt 
of  vast  thickness.  95  feet  to  130  feet,  is  known  to  occur  on  the  easternmost  spur  of 
the  Eastern  Cordillera,  within  the  tropical  zone. 

A  short  description  is  given  of  the  metalliferous  mines  of  San  Pablo  (Cerro 
Tayacasa),  San  Carlos  and  Buenaventura  (Morococha),  Victoria  and  San  Antonio 
(Nuevo  Potosi),  San  Jose,  San  Antonio,  and  Libertadora  (Toldojirca),  Talisman 
(Cerro  Santiago),  Sulfurosa  (Tuctu),  etc.,  of  Cerro  Vicharayoc  and  Cerro  Pucaurco, 
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and  of  the  Soras  and  Huari  coal  and  asphalt-mines.  The  amalgamation  processes 
in  use  at  Tuctu  and  Cerro  de  Pasco,  the  conditions  of  labour,  and  mining  legislation 
are  successively  dealt  with,  thus  completing  a  fairly  exhaustive  review  of  a  district 
which  seems  likely  to  "loom  larger  in  the  world's  eye  "  at  a  future  date. 

0.  S.  E. 


THE  GEOLOGY  OF  DAGHESTAN  AND  THE  TEREK  DISTRICT. 

Uehers'tcht  der  Geulugle  Daghestans  unci  des  Tei-ehgebietes.     By  Dk.  Hj.  SJoGBEX. 
Jahriuch  der  Jc.  h.  geologise  he  ii,  Reichsandalt,  1889,  rt)Z.  xxxix.^j}}}.  417-438. 

This  paper  is  the  first-fruits  of  a  journey  which  the  author  made  in  1888.  The 
formations  he  describes  include  Quaternary,  Tertiary,  Chalk,  Neocomian,  Jurassic, 
and  Palaeozoic.  In  the  so-called  Palaeogenic  (old  Tertiary  Flysch)  there  occur  (1) 
beds  containing  brown  hsematite,  v/orked  in  several  places,  e.g.,  north-west  and 
south-east  of  Kafirkumuch ;  (2)  naphtha  springs  in  many  localities ;  (3)  hot  springs 
yielding  sulphuretted  hydrogen  in  some  localities,  sulphate  of  mngnesia  and  brine 
in  others. 

In  the  beds  corresponding  to  the  Kimmeridgian  and  Corallian  there  are  work- 
able deposits  of  siilphur  occurring  in  bands  of  alabaster,  in  conjunction  with  selenite, 
anhydrite,  etc.  The  sulphur  is  worked  by  a  French  company ;  it  is  found  on  the 
southern  slopes  of  Salatau,  at  a  level  of  5,500  feet  above  the  sea. 

The  Lias  is  represented  by  a  great  series  of  sandstones  which  alternate  in  the 
lower  portion  with  black  shales.  About  the  middle  of  the  formation  are  found 
several  thin  seams  of  coal,  nowhere  thick  enough  to  repay  working.  They  occur  at 
Ulutschra  (district  of  Kasikumuch),  near  the  Kara  Koissu,  five  miles  south  of 
Gunib,  and  at  Bougulal  and  Koroda  (district  of  Gunib).  Coal  is  also  reported  far 
to  the  north,  at  the  base  of  the  Salatau  range.  The  seams  are  rarely  more  than  8  or 
9  inches  thick.  0.  S.  E. 


METALLIFEROUS   DEPOSITS   OF   PONTGIBAUD,   FRANCE. 

Etude  sur  les  Gites  Metalliferes  de  Pontgibaud.     Bg  —  Lodin.     Annali^s  des 
Mines,  1892,  series  9,  vol  i.,p}).  3Sd-o0o,  jJlctes  XII.-XX.  inclusice. 

The  author  refers  to  papers  in  the  Annales  des  Mines  by  Mr.  Guenyveau  (series  1, 
vol.  vii.,  pp.  162-188)  and  Messrs.  Rivot  &  Leppenfeld  (series  4,  vol.  xviii.,  pp.  137- 
257  and  3(51-44(3),  and  relates  the  history  of  the  mines  since  the  date  of  the  latter, 
a  period  of  forty  years. 

The  metalliferous  zone  of  Pontgibaud  is  situated  on  the  left  bank  of  the  Sioule, 
about  12  miles  west  of  Clermont,  and  extends  a  distance  of  8  to  9  miles  in  a  north 
and  south  direction.  It  is  composed  mainly  of  mica-schist  and  gneiss,  rising  in 
elevation  from  the  river  to  the  south,  and  to  the  south-west,  where  a  mass  of  granite 
crops  out  at  surface.  In  many  places  the  schists  are  covered  by  extensive  flows  of 
basalt.  The  lodes  to  the  centre  and  south  are  not  sufficiently  elevated  above  the 
river  to  admit  of  working  extensively  by  adit-levels  ;  to  the  north  at  Pranal  they 
are  cut  by  the  deep  valley  of  the  river  and  have  been  largely  worked  by  levels.  So 
far  as  is  known  the  lodes  do  not  cut  the  granite  anywhere  at  surface,  nor  has  granite 
yet  been  met  with  in  the  workings.  The  basalt  in  many  places  covers  alluvials  of 
middle  Pliocene  age,  which  it  has  protected  from  erosion.  There  are  a  great  many 
veins  of  granulite  and  a  few  of  porphyrite  traversing  the  schists,  the  former  appear- 
ing to  be  anterior,  the  latter  posterior,  to  the  lodes. 
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The  principal  mining  regions  are  those  of  Pranal  in  the  north,  la  Brousse  in  the 
centre,  and  Rosier  and  Roure  in  the  south,  the  latter  being  the  most  productive. 

The  various  workings  are  described  in  great  detail. 

At  the  Pranal  mines  the  older  workings  were  situated  to  the  east,  where  they 
were  productive  up  to  I8i4.  Some  explorations  since  made  have  been  arrested 
temporarily  by  an  influx  of  water.  The  work  carried  on  at  present  is  more  to  the 
west  on  the  Saint  Mathieu  lode.  This  lode  has  been  worked  to  a  depth  of  360  feet, 
the  greatest  depth  attained  in  the  Pranal  region,  and  has  proved  productive  over  a 
length  of  3,000  feet.  The  proportion  of  blende  mixed  with  the  galena  appears  to 
increase  with  depth.  The  percentage  of  lead  calculated  on  the  whole  vein-filling  in 
the  productive  part  is  from  5  to  6  per  cent.,  and  the  lead  yields  on  an  average  80^ 
ounces  of  silver  to  the  ton.  Most  of  the  lodes  in  this  region  give  oflE  carbonic 
acid  gas  in  sufficient  quantities  to  be  a  serious  obstacle,  and  to  necessitate  artificial 
ventilation. 

The  Brousse  lode  has  been  one  of  the  most  productive  in  the  district.  It  was 
accidentally  discovered  in  1862  ;  and  the  workings  have  reached  a  depth  of  800  feet, 
and  extend  over  a  length  of  3,000  feet.  Two  shoots  of  ore  have  been  found,  the 
first  yielding  about  one-fourth  of  50  per  cent,  dressed  ore,  and  the  second  about 
one-eighth  to  one-ninth.  The  former  was  also  richer  in  silver,  giving  I60|  ounces 
to  the  ton  of  lead. 

The  Mioche  mine,  to  the  south  of  the  preceding,  was  abandoned  in  1866  ;  the 
lowest  depth  is  330  feet.  It  was  productive  at  two  points,  connected  only  by  the 
adit,  of  which  the  southern  is  the  more  important.  Here  there  is  a  network  of  veins 
which  may  almost  be  described  as  a  stockwork,  which  was  at  first  worked  as  an 
opencast.    It  was  then  filled  in  and  a  shaft  sunk. 

The  Grange  lode  is  a  continuation  of  the  Mioche  to  the  south.  The  deposit  was 
discovered  by  a  cross-cut  adit,  and  a  level  was  driven  on  the  lode  over  1,600  feet 
without  meeting  any  other  deposit  of  ore.  The  depth  reached  up  to  its  abandon- 
ment in  1876  was  400  feet. 

The  St.  Denis  lode,  to  the  south-west  of  the  foregoing,  is  principally  noteworthy 
for  the  extent  of  the  old  workings,  some  of  which,  still  partially  accessible,  appear 
to  be  of  Roman  date.  Excepting  in  the  immediate  vicinity  of  the  old  workings  the 
ground  was  not  found  to  be  payable. 

The  principal  lode  of  the  Rosier  mine,  a  little  east  of  the  St.  Denis,  appears  to 
be  a  continuation  of  the  Grange  and  Mioche  lodes,  and  to  continue  into  the  Roure 
mine  as  the  Agnes  lode.  From  it,  the  lode  B  detaches  itself,  apparently  a  continua- 
tion of  the  Virginie  lotie  of  the  Roure  mine,  which  contained  the  deposit  known  as 
the  Grand  Marchepied,  perhaps  the  richest  ever  found  at  Pontgibaud.  In  this  shoot 
the  lode  was  6^  feet  thick  to  a  depth  of  200  feet,  but  at  280  feet  thinnal  away 
almost  entirely. 

The  Roure  mine  has  been  worked  almost  entirely  during  the  last  forty  years  ; 
the  various  works  connected  with  it  extend  over  a  length  of  5,500  feet  from  north 
to  south,  a  breadth  of  1,600  feet,  and  a  maximum  depth  of  800  feet  below  adit. 
The  principal  lodes  are  the  Agnes  to  the  west  and  the  Virginie  to  the  east,  which  dip 
towards  one  another,  and  should  meet  at  a  depth  of  1,600  to  2,000  feet.  From  them 
several  branches  detach  themselves,  which  are  in  many  cases  very  productive.  In 
the  northern  part  of  the  Virginie  lode  rounded  stones  of  scoriaceous  lava  have  been 
met  with,  apparently  derived  from  the  surface,  and  indicating  that  the  fissure  must  at 
one  time  have  been  open.  In  the  centre  of  the  lode  a  kind  of  stockwork  has  been 
worked,  consisting  of  a  complex  network  of  veins  of  granulite  in  the  gneiss,  the 
metalliferous  filling  existing  as  branches  throughout  this  network.  The  impregnated 
mass  averages  6  to  8  per  cent,  of  lead,  containing  an  average  of  96^  ounces  of  silver 
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to  the  ton  of  lead.  This  deposit  is  in  places  100  feet  thick  ;  it  is  practically  unex- 
plored from  the  325  to  the  725  feet  level,  but  at  the  latter  is  poor.  There  is  another 
productive  portion  to  the  south  of  this,  but  there  the  thickness  of  the  lode  is  only 
1^  to  2  feet.  The  Agn^s  lode  divides  at  its  extreme  north  end ;  the  branch  reuniting 
with  it  1,060  feet  further  south  is  known  as  the  Emilie  lode,  and  is  nearly  every- 
where  unproductive.  The  Agn^s  lode  was  continuously  productive  over  a  length  of 
1,600  feet,  but  only  to  a  depth  of  some  200  feet.  It  was  composed  of  quartzose 
leaders  ramified  over  a  thickness  of  10  to  13  feet  in  a  vein  of  granulite  much  thicker 
still.  The  average  yield  was  10  per  cent,  of  lead,  but  not  so  rich  in  silver  as  the 
Virginie.  The  continuity  of  the  deposit  was  not  interrupted  by  the  sharp  turns  in 
the  course  of  the  lode.  The  zone  between  the  325  and  575  feet  levels  is  absolutely 
sterile ;  thence  to  the  825  feet  level— the  present  deepest  point — several  smaller 
bunches  have  been  met  with.  The  shaft  should  be  continued  deeper,  but  the 
present  pumping  arrangements  are  not  sufficient  to  cope  with  an  increase  of  water. 
Moreover  the  shaft  will  not  permit  of  improved  arrangements  ;  and  if  the  mine  is 
to  be  continued  deeper  it  will  no  doubt  require  a  new  shaft.  The  lode  in  depth  does 
not  change  in  thickness  or  inclination.  At  the  extreme  south  both  lodes  appear  to  be 
approaching  the  granite,  and  their  course  deviates  somewhat  westwards  towards  it. 

It  appears  from  explorations  made  in  this  part  of  the  district  that  the  ordinary 
lodes  of  Pontgibaud  do  not  extend  upwards  into  the  basalt,  nor  into  the  conglomerate 
of  middle  Pliocene  age  underlying  it.  It  would  therefore  appear  that  the  metal- 
liferous filling  is  anterior  to  that  age  ;  and  the  author  considers  the  period  to  be 
somewhere  between  it  and  the  middle  of  the  Miocene. 

Besides  the  lead  veins,  at  various  points  in  the  district  veins,  probably  older 
have  been  encountered  in  crystalline  schist  and  granite,  containing  a  quartzose 
filling  with  more  or  less  auriferous  mispickel,  and  at  times  cassiterite. 

The  orientation  of  the  Pontgibaud  veins  differs  in  two  distinct  regions  :  to  the 
north  directions  of  north-east  and  north  north-east  predominating,  whilst  to  the 
centre  and  south  the  predominant  direction  is  north  to  south.  The  bcarino-  does 
not  appear  to  have  had  any  effect  on  the  productiveness,  and  the  same  applies  to 
the  direction  and  amount  of  inclination,  excepting  in  the  case  of  the  Brousse  mine. 

The  metalliferous  lodes  nearly  always  follow  the  lines  of  veins  of  granulite  or 
micro-granulite ;  and  if  the  fissure  leaves  the  eruptive  rock  for  the  "country  "it 
rapidly  becomes  barren.  The  more  felspathic  these  granulites  are,  the  more  pro- 
ductive the  enclosed  lodes  become. 

The  author  finally  considers  the  question  whether  the  workings  show  a  tendency 
to  impoverishment  in  depth,  and  decides  in  the  negative.  G.  E.  C. 


METALLIFEROUS  ORES  IN  THE  '' DEUTSCHER  KAISER"  PIT, 
HAMBORN. 

Erzvovltommeii  aiif  der  Steinkolilenzeche  ^^  Detit-scher  Kaher"  bei  Havihorn 
Bcrgrevier  Duishurg.  By  Bergreferendar  Kohlmokgen.  Berg-  u. 
HuettenmcBiinixche  Zeitinig,  1891,  vol.  l.,j>.  303. 

Fractures,  caused  by  faulting,  in  the  shales  are  filled  up  with  calcspar,  galena 
iron  and  copper  pyrites,  and,  at  two  lower  levels,  with  barytes  also.  These  fractures 
appear  to  be  confined  to  the  Coal-measures,  extending  neither  to  the  later  deposits 
above  nor  to  the  older  strata  below ;  so  that  the  theory  of  impregnation  by  thermal 
waters  cannot  be  invoked  in  the  present  case.  The  author  believes  that  "  lateral 
secretion  "  will  suffice  to  account  for  the  presence  of  the  ores.  The  deposits  do  not 
seem  to  be  of  commercial  importance.  0.  S.  E. 
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THE  GEOLOGY  OF  ROUMANIA. 


Erlduterungen  :ur  geologischen,  Ueiersichtshirte  des  Koenigreiches  Rumdnien. 
By  Math.  M.  Dbaghicenu.  Jahrhuch  der  k.  k.  geologischen  Reichsanstalt, 
1S90,  vol.  xl.,  pp.  399-420,  7vith  a  coloured  map  (^plate  III.').    Vienna. 

The  map  which  accompanies  this  paper  is  stated  by  the  author  to  be  the  first 
published  geological  map  of  Eoumania.  He  sketches  briefly  the  history  of  the 
short-lived  Roumanian  Official  Geological  Survey,  and  follows  this  by  an  apergu  of 
the  topographical  features  of  that  country. 

As  to  the  geology,  it  will  suffice  to  note  here  that  the  massifs  of  the  Carpathians, 
which  bound  Roumania  to  the  west  and  north,  consist,  broadly  speaking,  of  a  core  of 
crystalline  schists  travei*sed  by  various  eruptive  rocks  (diorites,  serpentines,  granites, 
trachytes).  The  latter  along  the  line  of  contact  with  the  overlying  Jurassic  lime- 
stones and  shales  have  given  rise  to  interesting  phenomena  of  contact-metamorphism, 
and  it  is  in  that  zone  that  the  richest  ore-deposits  occur.  Copper  ores  and  magnetite 
are  found  near  Baia  de  Arama,  Obirsa,  and  Bahna  (where  also  manganese  ore  occurs), 
and  magnetite  only  at  Podeni.  The  copper  deposits  at  Baia  de  Arama  were  first 
worked  in  1879,  whilst  Mr.  Draghiceiiu  appears  to  have  discovered  the  other  deposits 
in  1881-82.  Anthracite  and  graphite  occur  at  Schela,  Crasna,  and  Cernadia,  in  the 
district  of  Gorj.  and  lignite  seams  at  Bahna,  Balta,  Pouoare,  and  Baia  de  Arama. 

Along  the  Golden  Bistiitza,  near  Brostein,  there  are  also  considerable  deposits 
of  manganese  ore  and  brown  htematite. 

The  Carpathian  Sandstone  (Lower  Eocene  ?)  forms  the  entire  frontier-range 
(125  miles  in  length)  betwixt  the  ancient  province  of  Moldavia  and  Transylvania. 
This  sandstone  contains  petroleum  over  an  area  of  1,250  square  miles,  and  is  on  the 
same  geological  horizon  as  the  petroleum-bearing  beds  of  Austrian  Galicia  and  the 
Bukowina. 

The  marly  limestones  of  the  Lower  Flysch  (Cretaceous)  are  worked  for  hydraulic 
cement  at  several  localities  in  the  basin  of  the  Prahova.  This  cement  is  being  used 
in  the  construction  of  the  forts  round  Bucharest. 

At  Namaesci  and  Albesci  occur  Nummulitic  Limestones,  which  yield  an  excellent 
building-stone  (used  e.g.  formerly  in  the  erection  and  now  in  the  restoration  of  the 
abbey-church  of  Curtea  de  Arges). 

Above  these  come  sandstones  and  conglomerates,  gradually  passing  into  the 
bituminous  menilite  shales.  The  whole  system  is  overlain  by  salt  and  gypsum- 
bearing  red  marls,  mottled  clays,  and  coarse  grits. 

The  rock-salt  is  present  in  large  quantities.  Petroleum  occurs  in  the  border-zone 
of  the  Neogeue  formation  in  Moldavia,  and  ozokerite  at  siiveral  localities,  the  best 
known  being  Pariul-lui-Tudorache,  near  Cerdac. 

The  Neogene  (Oligocene-Miocene)  formation  comprises  clays  of  marine  origin, 
containing  vast  deposits  of  rock-salt,  the  mineral  sometimes  forming  entire  hills. 
These  clays  are  much  disturbed  by  slips,  owing  probably  to  the  fact  that  the  salt 
deposits  are  often  dissolved  away  by  percolating  water.  It  is  noticeable  that  in 
these  strata  little  or  no  petroleum  is  to  be  found.  The  clays  are  overlain  by  sand- 
stones, more  or  less  intermingled  with  calcareous  beds  and  shales.  Above  these  are 
sandy  beds  rich  in  petroleum  (Pliocene). 

There  are  thus  in  Roumania  two  well-recognized  petroleum-bearing  horizons  : — 

(1)  That   above-mentioned   in  the  Carpathian  Sandstone  of  the  Flysch,  in 

Moldavia ;  and 

(2)  Tlie  much  more  extensive  deposit  in  the  Upper  Neogene  (Pliocene)  of 

Wallachia. 
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Above  the  Wallachian  petroleum-deposits  are  Paludlna-bed»,  containing  extensive 
seams  of  lignite. 

The  occurrence  of  many  mineral  springs  and  of  sulphur  is  also  mentioned. 

Grains  of  native  gold  are  found  in  the  sands  and  gravels  of  several  Roumanian 
rivers,  such  as  the  Motru,  the  Olt,  the  Arges,  and  the  Gold      Bistritza. 

In  the  Dobrudscha,  in  conjunction  with  eruptive  rocks,  there  are  deposits  of 
galena,  copper  pyrites,  and  iron  ore.  0.  S.  E. 


THE  PITKARANTA  MINING  DISTRICT, 
Om  Pitkdvnnta  malmfdit  uch  dess  omgifningar.     By  A.  E.  Toenebohm.     Geolo- 
gisJca  Forenintjens  Fdrhnndlin/j.-ir,  1891,  vol.  xiiL,  2}p.  313-33-i,  with  tivo  jjlate-9 
and  figures  in  the  text.     Stochholm. 

In  the  autumn  of  1889  the  author  visited  the  copper  and  tin  mines  of  Pitkaranta, 
which  are  situated  near  the  north-eastern  shore  of  Lake  Ladoga,  in  Southern 
Finland.  The  chief  rock-formations  of  the  district  are  red  gneissose-granite,  dark 
crystalline  schists,  and  rapakivi  granite. 

The  gneissose-granite  appears  to  be  overlain  by  the  schists,  which  dip  away 
regularly  from  it.  Sometimes  it  shoots  up  through  them  in  the  form  of  domes, 
and  patches  of  fairly  coarse  diorite  have  been  observed  in  it. 

The  author  distinguishes  in  the  schist-form ition  two  belts  of  rock,  the  lower 
being  dark  gneissic  hornblende-schists  and  the  upper  being  grey  micaceous  granu- 
lites. 

Between  the  schist  and  gneissose-granite  formations  there  is  a  zone  of  rock,  termed 
sTiarn  (dirt)  by  the  present  author,  called  griinstein  (=  "greenstone")  by  Kutorga, 
chiefly  made  up  of  malacolite  (pyroxene)  and  garnet.  It  is  in  this  zone  tliat  the 
copper  and  tin  deposits  occur.  Besides  copper  pyrites  and  tinstone,  considerable 
quantities  of  magnetic  iron  ore  and  zinc  blende  are  found.  The  tinstone  is  chiefly 
worked  at  the  "  OmeljanofE  2  and  3  "  mines,  where  it  appears  to  occur  alone.  West 
of  these  it  is  sprinkled  about  in  the  gangue  rock  with  copper  pyrites ;  and  east  of 
them  (as  far  as  "  Klee  6"  mine)  it  is  found  in  lumps  of  varying  size,  again  in 
conjunction  with  copper  pyrites  or  alone.  The  tin  ore  is  found  partly  in  the 
"  greenstone"  and  partly  in  the  gneiss,  or  in  the  pegmatite  which  sometimes  pene- 
trates them. 

The  copper  pyrites  occurs  chiefly  in  the  malacolite  ;  it  is  known  in  the  crystalline 
condition  only  at  one  place  ;  that  is,  the  "  Omeljanoff  4  "  mine. 

The  zinc  blende  generally  occurs  in  conjunction  with  iron  ore,  and  often  with 
copper  jDyrites. 

In  addition  to  the  above  ores,  the  occurrence  is  noticed  in  one  place  of  native 
bismuth,  and  in  others  of  galena  and  molybdenite. 

There  are  fifteen  mines  at  present  at  work  in  the  district.  0.  S.  E. 


THE  GEOLOGY  OF  SYRA,  SYPHNOS,  AND   TINOS. 

Ueber  die  geologisehen  Vcrhdltnisse  der  Inseln  Sijra,  Syphnos,  iind  Tinos.  By 
Bakox  H.  von  Foullon  and  Dk.  Vict.  Goldschmidt.  Jakrhuoh  der  h.  k. 
geologisehen  Reichsanstalt,  1887,  vol.  xxxvii.,  j)p.  1-3-1,  with  two  viaj>s. 

This  is  the  report  of  a  journey  undertaken  to  the  above-mentioned  islands  of  the 
Grecian  Archipelago  in  April  and  May,  1885. 

VOr,.  XLI.-lSgl  92.  "   ^ 
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The  rocks  which  come  to  the  surface  in  Syra  are  a  succession  of  schists  and 
saccharoidal  white  and  bluish-grey  limestones.  The  authors  give  detailed  minera- 
logical  and  chemical  analyses  of  the  rocks,  and  they  remark  that  they  heard  nothing 
of  the  sulphuretted  hydrogen  spring  mentioned  by  Fiedler  as  existing  on  the  island. 

The  geological  structure  of  S^'phnos  is  almost  identical  with  that  of  Syra,  but  in 
the  former  island  zinc  and  iron  ores  are  found  and  worked  at  seven  mines,  and  the 
presence  of  lead  and  antimony  has  been  traced. 

On  the  island  of  Tinos,  gneiss  is  grandly  developed  at  Monte  Furco,  appearing 
to  dip  under  the  schists.  Serpentine  is  found  here  in  a  decomposed  state;  it  is 
not  olivine  serpentine,  but  simply  the  secondary  product  of  hornblende-rocks. 

0.  S.  E. 


THE   GOLD-FIELDS   OF   ECUADOR. 

By  EUSSELL  F.  Lord.      Engineering  Magazine   {\ew  YorJi),  vol.  iii.,  No,  2, 

May,  1892. 

The  alluvial  gold-fields  which  are  here  described  are  situated  on  the  Rivers 
Santiago,  Uimbi,  and  Juntas,  near  the  Colombian  frontier,  and  about  30  miles  from 
the  Pacific  coast.  The  Santiago  River,  into  which  the  others  fall,  can  be  navigated  part 
of  the  distance  by  steamer,  and  the  remainder  by  canoes.  The  gravel  is  exposed 
along  the  river  wherever  cuts  made  by  the  natives  have  removed  the  soil,  some  3  or 
4  feet  in  thickness.  The  thickness  of  the  beds  contiguous  to  the  Santiago  River 
varies  from  15  to  70  or  SO  feet,  and  the  gold  is  fairly  evenly  distributed  throughout, 
the  top  gravel  being  apparently  as  rich  as  that  near  the  bed-rock.  There  are  no 
large  boulders  or  cemented  gravel.  The  bed-rock  is  always  considerably  above  the 
level  of  the  river,  which  is  deep  and  rapid,  and  as  there  are  extensive  falls  not  much 
higher  up,  water  can  easily  be  brought  down  for  hydraulicking.  The  average  of 
samples  taken  from  various  points  gave  4s.  3^d.,  in  gold  per  cubic  yard  by  washing  in 
bateas. 

The  author  also  visited  the  deposits  on  the  Uimbi  and  Juntas  Rivers,  wliich 
appear  to  be  very  similar  in  character,  except  that  the  gravel  is  not  so  thick, 
averaging  about  9  feet.  The  rivers  are  torrents,  which  will  ensure  the  disposal  of 
the  tailings  without  difficulty.  'J'he  yield  of  the  gravel  is  stated  as  2s,  6d.  to  2s.  7^d. 
per  cubic  yard. 

The  inhabitants  of  the  region  are  pure-blooded  negroes,  descendants  of  the  old 
slaves,  who  get  their  living  entirely  by  gold-washing.  There  are  no  roads  or  means 
of. communication  excepting  the  rivers. 

The  climate  is  fairly  cool  and  equable,  owing  to  the  proximity  of  the  Andes  and 
the  large  rapid  rivers  flowing  from  them.  There  was  no  sickness  whatever  among 
the  party  during  their  stay.  G.  E.  C. 


GOLD-MINING   IN   THE   BLACK   HILLS,  DAKOTA, 

By  Harry  M.  Hanson.      Engineering    Magazine,  1892,  vol.  Hi.,  pp.  683-695, 

lllusstrated . 

Placer  mining  in  the  Black  Hills  commenced  in  1873  ;  the  alluvials  have,  how- 
ever, been  nearly  exhausted,  and  the  output  is  now  mainly  from  Jode  mining.  The 
total  production  is  officially  estimated  as  :— Gold,  $39,423,776  ;  silver,  §917,262;  or 
a  total  of  $40,341,038. 

The  first  lode  mine  worked  was  the  Homestake,  the  average  monthly  output  of 
which  last  year  was  from  $400,000  to  $500,000,  the  labour  cost  being  over  $100,000 
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a  month.  The  ore  is  free  milling,  but  of  low  grade,  the  natural  conditions  per- 
mitting  of  great  cheapness  of  treatment,  especially  in  avoiding  repeated  handlings 
of  material.  The  lodes  in  the  Black  Hills  being  usually  large,  and  the  ground 
loose,  in  general  every  foot  of  ground  requires  secure  timbering,  the  system  adopted 
being  described.  G.  E.  C. 


THE  GOLD   DEPOSIT  AT   PINE   HILL,   CALIFORNIA. 

By  Waldemar  Lindgren.      American  Jonrnal  of  Science,  series,  3,  vol.  xliv., 

fp.  92-96. 

The  deposit  described  occurs  in  diabase  porphyrite  near  its  junction  with  a 
narrow  belt  of  serpentine,  on  the  other  side  of  which  are  quartzite  and  clay-slate. 
Surrounding  Pine  Hill  is  an  area  of  intense  decomposition,  giving  rise  to  "a  soft, 
porous,  reddish-brown  to  yellowish  mass,"  the  ultimate  product  of  the  decom- 
position being  white  kaolin.  The  zone  of  decomposed  and  kaolinized  diabase 
contains  seams  and  irregular  veins. of  barite  (barytes),  in  which  the  gold  is  con- 
tained. The  gold  has  an  unusually  large  proportion  of  silver.  The  whole  mass  of 
altered  diabase  porphyrite  is  more  or  less  auriferous,  but  the  gold  seems  to  be  all 
carried  by  the  barite,  as  its  quantity  varies  with  that  of  the  latter,  G.  E,  C. 


GOLD-MINING   IN   THE   URALS,   RUSSIA. 

Der  Goldberghuu  dcr  Umgehunfj  von  Berezovsk  avi  cestUchen  Abhange  des  Urals. 
Bg  R.  Helmhacker,  Berg-  und  Hnvttenmceyinische  Zeitnng,  col,  li., 
1)2).  45-48,  57-00,  83-8(5,  145-147,     One  plate. 

The  gold-mines  and  gold  washings  of  Berezovsk  lie  in  the  Ekaterinburg  district 
of  the  Government  of  Perm,  on  the  eastern  slope  of  the  Urals.  About  5  miles  north- 
east of  the  town  of  Ekaterinburg  lies  Lake  Sartas,  and  some  Sj  miles  farther  in  the 
same  direction  is  the  mining  village  of  Berezovsk.  Gold  was  discovered  in  1745, 
and  the  Sartas  mine  began  work  three  years  later.  The  annual  yield,  at  first  small, 
increased  till  in  1810  it  exceeded  3^  tons. 

Somewhat  later  the  discovery  of  gold  at  the  surface  on  the  banks  of  the 
Berezovska  and  Pysma  Rivers  partly  diverted  the  work  to  the  less  costly  process  of 
gold  washing. 

The  water  in  the  mines  was  dealt  with  partly  by  suction  pumps  and  partly  by 
water-levels,  but  owing  to  the  unsuitable  formation  of  the  country  these  latter  are 
applicable  only  to  shallow  workings.  In  1810  steam  pumping  machinery  was  put 
into  the  Berezovska  mine,  but  owing  to  faulty  design  it  used  very  large  quantities 
of  wood  fuel  and  its  working  was  otherwise  unsatisfactory. 

After  some  cessations  and  fresh  beginnings  the  pumping  was  in  1827  finally 
abandoned,  and  subsequent  underground  work  was  carried  on  at  depths  of  not  more 
than  13  to  14  fathoms  until  1861,  when  it  was  given  up  altogether  in  favour  of  gold 
washing  and  surface  mining. 

The  total  production  up  to  1861  was  about  10  tons  out  of  about  900,000  tons  of 
material  worked.  Ores  were  worked  with  a  mean  proportion  of  200  grains  per  ton, 
and  varying  from  over  300  grains  per  ton  in  the  earlier  years  to  80  grains  per  ton 
in  the  later  ones. 

On  the  cessation  of  the  underground  mining  many  of  the  unemployed  workmen 
began  to  prospect  for  themselves,  and  the  gold  yields  of  their  surface  workings  were 
sold  to  the  mining  company.     In  1868  a  rich  vein  of  quartz  was  struck  in  one  of 
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these  workings,  and  during  two  months  more  than  100  lbs.  of  gold  was  produced. 
Next  year  a  shaft  was  sunk  near  the  successful  working  on  behalf  of  the  crown  to 
a  depth  of  13  fathoms,  and  work  began  in  a  gold-bearing  quartz  vein  trending 
throueh  slaty  strata  from  east  to  west.  At  the  same  time  a  49  fathom  drift  was 
cut  from  the  north  to  meet  the  shaft  underground,  and  it  traversed  several  rich 
veins  of  quartz  on  the  way.  This  was  known  as  the  Uspensky  mine,  and  lay  a  little 
to  the  north-east  of  Berezovsk.  Its  yield  varied  from  about  11  lbs.  weight  of  gold 
in  1869  to  nearly  100  lbs.  weight  in  1871,  falling  again  to  i  lbs.  in  1873. 

In  1874  a  powerful  company  obtained  a  concession  of  the  whole  Berezovsk 
district  of  about  25  square  miles,  and  mining  operations  began  again.  The  yearly 
yield  rose  from  about  20  lbs.  weight  in  the  earKer  years  to  about  340  lbs.  in  1881. 
The  undertaking  was  at  first  a  losing  one.  In  the  year  1885  a  change  took  place  in 
the  management,  and  with  strict  economy  and  the  introduction  of  a  better  system 
it  is  hoped  that  good  results  may  be  obtainal  for  some  years  to  come,  the  mine 
being  still  far  from  exhausted. 

As  regards  geological  formation,  Ekaterinburg  and  Berezovsk  stand  on  a  zone  of 
slaty  strata,  from  7^  to  12  miles  broad,  running  from  north  north-east  to  south 
south-west,  bounded  on  each  side  by  granite.  The  so-called  slate  consists  of  disin- 
tegrated and  metamorphozed  remnants  of  various  formations,  in  which  talc-slate, 
chloride-slate,  and  serpentine  predominate.  Through  the  slaty  formations  run 
numerous  thick  bands  of  quartz-porphyry  or  felsite-porphyry,  in  appearance  not 
unlike  granite.  The  porphyry  bands  are  crossed  at  intei'vals  of  fi'om  1  foot  to 
30  feet  by  gold-bearing  veins  from  ^  inch  to  28  inches  thick,  which  sometimes 
extend  into  the  neighbouring  formations  and  occasionally  cross  each  other.  In 
depth  some  of  these  veins  run  out  at  distances  of  from  8  to  10  fathoms  from  the 
surface,  and  others  only  begin  at  this  depth  and  thicken  as  they  go  downwards. 
The  gold  in  the  quartz  veins  occurs  either  as  grains  visible  to  the  naked  eye,  or 
clustered  together  in  pockets,  or  as  very  fine  particles  evenly  distributed  through 
the  mass.  The  parts  of  the  quartz  veins  lying  nearest  the  surface  are  generally  the 
richest  ingold.  A.  R.  L. 

JULIAN    GOLD-EXTRACTING   PROCESS. 
Axon.     South  African  Mhihifj  Jmtrnal,  1891,  vol.  i.,j/.  147. 
The  Julian  process  consists  of  submitting  the  crushed  ore  to  a  solution  of  alkaline 
c}-anide,  then  adding  mercury,  and  finally  submitting  the  solution,  while  the  ore  is 
in  suspension,  to  electrolytic  action.  '  M.  W.  B. 


ROASTING  AND  CHLORIXATION  OF  GOLD  ORES  CONTAINING   LIME. 
By  J.  H.  BURFElXD.     Enginecritifj  (tnd  Mining  Journal  {Xcw   YorJi),  1888,  rol. 

xlv.,  pj).  357-358. 

A  sample  of  concentrates  when  roasted  without  salt  yielded  about  50  per  cent,  of 
the  gold  to  chlorine  gas,  and  gave  very  uneven  results  when  roasted  with  salt.  The 
ferri-cyanide  test  was  used  to  ascertain  if  a  "  dead  roast "  had  been  obtained  before 
the  charge  was  removed  from  the  furnace. 

The  concentrates  were  found  to  be  pure  iron  pyrites  (without  arsenic,  antimony, 
copper,  lead,  zinc,  etc.)  with  14  per  cent,  of  silica  and  2  per  cent,  of  lime  (calcspar). 

Two  samples  were  roasted  in  a  muffle  (one  with  and  one  without  salt)  and  on 
treatment  with  chlorine  gas  and  bromine  water  only  a  trace  of  gold  was  left  in 
either  sample. 
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A  sample  of  tailings  containing  about  20s,  of  gold  was  treated  with  excess  of 
chlorine  and  bromine ;  no  gold  was  extracted.  Analysis  showed  the  presence  of 
sulphate  or  sulphide  of  lime,  and  ferri-cyanide  showed  the  absence  of  ferrous  salt. 
The  tailings  were  then  re-roasted  with  salt,  and  the  percentage  of  chloride  of 
calcium  determined.  When  all  the  lime  present  was  left  as  chloride,  only  a  trace 
of  gold  was  left  after  treatment  with  chlorine  and  bromine. 

It  was  therefore  necessary  to  determine  the  shape  in  which  the  lime  existed 
before  the  charge  was  ready  for  the  chloriuation  tub. 

It  appeared  that  when  the  charge  is  roasted  in  a  muffle,  it  does  not  come  in  con- 
tact with  the  fuel  or  the  gases  thereof,  and  the  carbonate  is  transformed  into  sulphate 
of  lime,  which  cannot  be  decomposed  by  the  heat  of  such  a  furnace,  consequently 
the  results  obtained  with  and  without  salt  were  the  same. 

The  results  are  different,  however,  when  the  charge  is  roasted  in  a  reverberatory 
or  cylinder  furnace  where  the  charge  comes  into  contact  with  the  fuel  or  gases.  The 
lime  is  first  converted  into  sulphate,  part  of  the  carbon  burns  at  the  expense  of  the 
oxygen  in  the  sulphate,  and  sulphide  of  calcium  is  left.  No  satisfactory  results  can 
be  expected  in  the  chloriuation  vat  unless  this  sulphide  is  entirely  decomposed ; 
because  hydrogen  sulphide  is  formed  by  its  contact  with  chlorine  or  bromine,  and 
this  gas  precipitates  the  gold  already  in  solution. 

Conclusions. — It  is  requisite  that  no  sulphide  of  calcium  should  be  present  in  the 
charge  when  it  enters  the  chloriuation  vat.  The  lime  should  be  present  as  chloride, 
if  the  roasting  is  done  with  sJllt  in  a  furnace  in  which  the  charge  comes  in  contact 
with  the  fuel  or  furnace  gases ;  in  case  the  charge  does  not  come  in  contact  with  the 
fuel  or  gases,  sulphide  of  calcium  will  not  be  formed.  The  addition  of  salt  is  not 
required,  and  any  tests  for  the  presence  of  ferrous  salts  will  answer.        M.  W.  B. 


ELECTRIC  LOCOMOTIVES. 

Note  sur  un  Transport  j^ar  Locomotives  Electriqnes  au  Puits  Ko.  4  des  Mines  de 
Maries  (Pas  de  Calais).  Bij  C.  Baily.  Revue  Universelle  des  Mines,  etc., 
1S92,  vol.  xix.,2U^.  107-125. 

The  installation  was  designed  by  the  Edison  Company  to  supply  electricity  to 
work  two  locomotives. 

The  installation  is  applied  in  a  pit  where  there  are  two  roads,  in  one  of  which 
the  conditions  as  to  inclination  and  humidity  are  excellent,  and  in  the  other  very 
unfavourable.  An  electric  lighting  installation  at  the  same  pit  can,  in  case  of 
necessity,  be  used  to  supply  motive  power  to  the  locomotives. 

The  steam  engine  cylinder  is  15-75  inches  in  diameter  and  31-5  inches  stroke, 
with  variable  cut-off,  by  means  of  the  regulator,  and  transmitting  power  to  the 
electrical  machine  by  belting.  It  makes  65  strokes  per  minute,  and  drives  the 
dynamo  at  SiO  revolutions  per  minute. 

The  electric  conductors  in  the  shaft  are  insulated  copper  cables  0-35  inch  in 
diameter,  supported  by  porcelain  insulators  placed  35  yanls  apart.  These  cables 
terminate  at  a  switch  board  near  the  pit  bottom,  from  which  the  current  is  con- 
veyed to  the  two  roads  on  which  the  locomotives  run.  In  these  two  galleries  the 
conductors  are  formed  of  Vignole  rails,  1-1  lbs.  per  yard,  suspended  from  the  roof, 
and  insulated  by  india-rubber  rings. 

The  locomotive  consists  of  a  series-wound  dynamo,  of  a  power  of  15,000  watts, 
mounted  on  an  iron  carriage  on  two  axles,  to  which  movement  is  transmitted  by 
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means  of  aa  intermediate  shaft  and  gearing.  The  shaft  of  the  dynamo  is  parallel 
with  the  road.  The  current  is  taken  from  the  conducting  rails  by  means  of  two 
small  carriages  attached  to  the  locomotive. 

The  external  dimensions  of  the  locomotive  are : — Length,  7*o4  feet ;  width,  2-86 
feet ;  and  height,  i-92  feet.  Its  weight  was  at  first  8,960  lbs.,  which  gave  insufficient 
adhesion  in  the  bad  road.  The  wheels,  1-31  feet  in  diameter,  were  cast  solid,  and 
by  additional  weights,  increasing  the  weight  of  the  locomotive  to  .5,060  lbs.,  the 
adhesion  and  stability  became  perfect. 

Experiments  were  made  on  the  least  favourable  road  to  test  the  power  of  the 
locomotives  and  the  mechanical  efficiency.  The  road  is  486  yards  long,  with  an 
inclination  of  1  deg.     The  result  of  these  experiments  are  tabulated  as  follows : — 


No.  of 
Experi- 
ment. 

No.  of  Tubs 
Drawn 
(Empty). 

Speed  of  the 
Train  (Yards 
per  Second). 

Horse-power 
of  Dynamo 
at  Surface. 

Horsepower 
Locomotive. 

Mechanical 
Efficiency. 

Per  Cent. 
27-00 

1 

0 

2-73 

10-86 

3-06 

2 

15 

2-60 

19-33 

11-30 

58-50 

3 

12 

3-78 

18-21 

1400 

77-00 

4 

12 

2-73 

17-37 

10-00 

57-50 

5 

4 

1-62 

13-96 

3-37 

24-07 

6 

8 

3-50 

16-14 

10-00 

61-95 

Under  the  existing  conditions  one  locomotive  replaced  five  horses,  and  moved 
140  tons  of  coal  one  mile  per  shift  of  eight  hours. 

The  cost  of  the  installation,  with  three  locomotives  (but  without  boiler),  was 
£2,145.  The  daily  cost  of  working,  including  redemption  of  capital,  coal,  and 
wages,  was  32s.  6d.  per  day  of  two  shifts,  as  against  56s.  9d.  by  horse-power,  showing 
an  economj'  of  42-5  per  cent.  W.  N.  A. 


A   NEW   COAL-TUB. 
Noiiveaux  Wagonets.     By  P.  Vaxhassel.      Snclete  des  Inr/eJiienrs  sortis  de  VEcole 
2)i'ovhiciule   d' Industrie   ct  des    Mines   du   Ili/inaid,    1892,    series   3,    vol.  i., 
jjp.  166-172,  jfiate  XII. 
This  paper  contains  the  full  details  of  the  construction  of  a  tub  for  use  in  mines. 
Its  cubical  contents  are  21-9  cubic  feet;  weight,  375  lbs.;  and  cost,  £2  8s.     The 
ordinary  working  load  being  10^  cwts.  of  coal.  M.  W.  B. 


THE  MAGNETITE  MINES  OF  MOKAWITZA. 

Der  Mogneteisemtein-Berghnw  von  Moratoitza  in  Siid-Ungarn.    ANON.     Glilcliavf, 
1891,  vol.  xxvii.,i}p.  497-498. 

In  this  hilly  district  of  Southern  Hungary  rich  deposits  of  magnetite,  hematite, 
and  limonite  occur,  mostly  in  a  garnet-rock  which  f  oi-ms  a  constant  band  striking 
north-east  and  south-west,  betwixt  a  massive  trachyte  and  a  crystalline  limestone. 
The  ore-deposits  vary  much  in  form,  being  sometimes  wedge-shaped,  sometimes 
lenticular  or  drawn  out,  as  it  were,  in  bands.  Of  the  three  ores  mentioned  mag- 
netite is  the  most  abundant,  and  its  composition  averages  from  : — 
Per  Cent. 


22-3  to  39-8  FeO 
57-4  to  62-8  Fe^O, 

1-0  to     3-0  MnO 
11-4  to  16-0  SiO, 

1-6  to     4-1   ALO, 


Its  specific  gravity 
is  4-23. 
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As  the  deposits  generally  follow  the  very  steep  sides  of  the  hills,  or  include  even 
the  ridges,  they  are  worked  almost  exclusively  on  the  opencast  system.  The  ores 
are  placed  in  wooden  corves,  then  trans-shipped  on  to  a  narrow-gauge  mineral 
railway,  and,  after  a  second  trans-shipment,  are  conveyed  direct  to  the  blast-furnaces 
of  Eeschitza,  Bogschan,  Dognatschka,  and  Annina.  Brown  iron  ore,  rich  in  lime, 
and  containing  Kj  to  25  per  cent,  of  manganese  is  used  as  a  flux  with  the  Morawitza 
magnetite. 

In  1890  the  production  of  iron  ore  here  amounted  to  98,000  tons.  Between 
800  and  900  miners  are  employed,  working  in  12-hour  shifts  only  during  the  day. 
On  account  of  the  excessive  hardness  of  the  rock,  dynamite  of  the  most  powerful 
description  is  used  for  blasting  in  these  mines  (15,000  lbs.  being  used  yearly). 

0.  S.B. 


AN  AUSTRIAN  MINES  REGULATION  BILL. 

Gesctzcntw'urf  uher   die   Avf-dellung    von    Bet ricb-sle item    hciin   Ocstvn'ciehischetl 
Banjhuue.     Anon.     Gliickauf,  li^\,fol.  xxvii.,  j)2>.^bi-'inl. 

A  Government  Bill  of  sixteen  clauses  has  been  laid  before  the  Austrian  Chamber 
of  Deputies,  laying  down  the  minimum  of  qualifications  necessary  to  become  a 
manager  of  mines,  and  providing  for  the  infliction  of  fines  upon  those  who  evade 
the  proposed  Act.  The  chief  provision  is  that  all  persons  managing  mines  where 
more  than  50  workpeople  are  employed  must  have  successfully  passed  the  State 
examination.  The  only  candidates  admissible  to  this  examination  are  those  who 
have  gone  through  the  regular  mining  course  at  an  Austrian  school  of  mines,  and 
have  spent  at  least  five  years  in  practical  mining  work.  Some  exceptions  may  be 
made,  if  good  cause  is  shown  (and  with  the  approval  of  the  Mining  Bureau  during 
the  fii-st  five  years  after  the  passing  of  the  Act,  with  that  of  the  Minister  of  Agri- 
culture subsequently),  in  favour  of  persons  hitherto  employed  in  mining,  whose 
past  record  proves  that  they  are  possessed  of  the  necessary  professional  knowledge 
and  aptitude.  The  Bill  is  in  itself  a  short  one  ;  but  it  is  accompanied  by  a  some- 
what elaborate  "  explanation"  or  running  commentary.  0.  S.  E. 


THE  MINING  LAWS  OF  VENEZUELA. 
Code  des  Mines  du  Venezuela;     Expose  analytiqve  de  la  loi  de  Juin,  1891.     By 
—  Feraud-Giraud.     Revue   de  Legislatiun   des  31ines,   1892,   vol.  ix.,  pp, 
193-209. 

The  paper  is  a  resume  of  the  new  law,  which  replaces  that  of  May,  1887.  It 
consists  of  107  articles,  arranged  in  nine  sections. 

Section  I.  defines  a  mine,  which  definition  excludes  building  stones,  clays,  etc., 
belonging  to  the  proprietor  of  the  soil,  and  also  placers  (which  when  on  waste  land 
may  be  worked  without  formality).  All  other  mines  are  public  property,  and  can- 
not be  worked  without  a  concession  from  the  Federal  Government. 

Section  II.  deals  with  the  concessions  of  mines,  which  are  granted  for  a  renew- 
able term  of  not  more  than  ninety-nine  years.  No  single  concession  may  have  an  area 
of  more  than  200  hectares,  excepting  in  the  case  of  coal,  when  it  maj^  be  three  times 
as  large.  The  mining  and  surface  rights  are  altogether  distinct ;  and  where  the 
surface  is  already  appropriated,  its  proprietor,  at  his  option,  must  be  bought  out  or 
given  a  corresponding  interest  in  the  enterprise.  AH  machinery  erected  is  immov- 
able.    No  mine  may  be  bought,  sold,  or  hypothecated,  and  no  concei^sion  divided  or 
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united  with  another,  without  permission  from  the  executive.  If  in  working  a  vein 
or  bed  it  lead  outside  the  concession,  the  owner  has  a  preferential  right  to  have  the 
new  ground  incorporated  with  his  own.  If  a  trespass  on  an  adjoining  mine  has 
been  made  in  good  faith,  the  value  of  the  ore  extracted  must  be  shared  equally 
with  its  owner  ;  in  other  cases  double  such  value  has  to  be  paid. 

Section  III.  regulates  prospecting,  which  may  take  place  freely  on  waste  or 
national  land.  On  private  propert}^  the  prospector  must  undertake  to  give  one- 
fourth  interest  in  any  mine  found,  and  pay  all  actual  damage  done ;  and  must 
previously  deposit  a  sufficient  amount  as  guarantee.  No  mining  work  may  be 
carried  on  within  50  metres  of  any  building  or  enclosure  without  special  arrange- 
ment with  the  proprietor. 

Section  IV.  treats  of  the  working  of  gold  alluvials,  the  only  provision  worth 
notice  being  one  requiring  excavations  to  be  filled  in  before  abandonment. 

Section  V.  provides  that  mines  may  be  acquired  by  all  persons  capable  of 
owning  other  immovable  property,  or  by  native  or  foreign  companies.  The  latter 
must  be  represented  by  a  formally  empowered  agent,  and  all  their  property  will  be 
held  responsible  for  the  due  performance  of  his  obligations  on  their  behalf.  No 
person  may  acquire,  by  right  of  discovery,  more  than  one  concession,  unless  he 
is  working  the  previous  concession. 

Section  YI.  regulates  the  method  of  obtaining  a  concession.  The  discoverer  of 
any  deposit  ("  discovery  "  including  the  re-denouncement  of  abandoned  concessions) 
has  the  right  to  one  "  pertenencia,"  excepting  in  the  case  of  placei-s.  of  not  more 
than  200  hectares.  Notice  of  discovery  has  to  be  given,  and  a  concession  applied 
for ;  this  application  has  to  be  published  for  thirty  days  in  the  official  gazette,  and 
a  further  twenty  days  is  allowed  for  opposition  to  be  made.  If  there  is  none,  or  if 
it  has  been  made  and  rejected,  the  discoverer  is  allowed  six  months  in  which  to 
ascertain  the  bearing  and  extent  of  the  deposit,  and  submit  plans  of  the  proposed 
concession.  This  vriU  be  granted  or  refused  according  to  the  report  of  the  Govern- 
ment engineer  ;  there  is,  however,  an  appeal  to  the  minister  of  public  works.  If  no 
plan  is  presented  within  the  six  months  the  application  falls  through. 
■  Section  VII.  provides  that  if  a  mine  has  not  been  worked  within  five  years  after 
the  concession  is  granted,  a  fine  will  be  imposed  ;  and  if  it  still  remains  unworked 
for  a  further  five  years,  the  concession  will  be  revoked,  and  may  be  granted  to  some 
other  person.  After  the  first  ten  years,  if  left  unworked  for  two  consecutive  years, 
a  fine  is  imposed ;  and  if  unworked  for  two  years  more,  the  concession,  and  any 
machinery  erected,  will  be  forfeited. 

Section  VIII.  subjects  all  mines,  excepting  gold  placers,  to  a  tax  of  2  per  cent, 
oh  the  gross  value  of  the  produce.  All  machinery  and  utensils  required  for  a  mine 
may  be  imported  free  of  duty. 

Section  IX.  gives  the  rules  providing  for  safety  of  working,  inspection,  etc. 

G.  E.  C 


A  ROMAN  MARBLE  QUARRY  IN  DACIA. 

liomixcher  Jfarm  orb  ruck  in  Dacieii.  By  Gabeiel  Teglas.  Oesterrcichisehe 
Zelt-schrift  filr  Berg-  vnd  Hiittcnwesen.  1891,  vol.  xxxix.,  fp.  219-220,  tcltli  a 
section. 

A  Roman  marble  quarry,  the  exact  locality  of  which  had  not  been  previously 
determined,  was  discovered  by  the  author  a  few  years  ago  in  the  valley  of  the 
Bistra,  near  Bukova  (Wallacbia). 
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The  rock  is  a  saccharoidal  limestone,  forming  a  mass  of  about  450  feet  in  breadth, 
strilcing  east  and  west,  interbedded  with  crystalline  slates.  The  middle  beds  are 
coarse-grained,  white,  and  vary  from  22  to  60  inches  in  thickness.  As  the  limestone 
approaches  the  slates  it  takes  on  a  browner  hue,  becomes  micaceous,  shaly,  and 
scarcely  fit  for  the  purposes  of  the  sculptor. 

The  Romans  quarried  the  limestone  in  the  direction  of  the  strike,  and  worked 
the  stone  on  the  spot,  as  may  be  seen  by  the  blocks  and  uiifinished  carvings  left  in 
the  quarry.  In  the  neighbouring  towns  of  Deva  and  Varhely  (anciently  Sarmizege- 
trisa,  capital  of  the  province)  ancient  votive  tablets,  figures,  and  groups  hewn  out 
of  this  very  stone,  are  preserved.  It  is  believed  that  the  workings  were  carried  on 
on  a  large  scale.     The  limestone  is  overlain  by  a  porous  tufa.  0.  S.  E. 


THE  DEVELOPMENT  OF  MINING  AND  METALLURGICAL  INDUSTRIES 

IN  RUSSIA. 

Beit  rage  zur  KcnntnifiS  des  Berg-  und  Hiittenwesens  in  Rusdund.     By  N.  V.  JosSA. 
Berg-  u.  Huettenmcsnnische  Zeitung,  1891,  vul.  I.,  J'P-  213-215, 

1. — The  Nytrenxk  lidllivg  Mills. — These  belong  to  Prince  Galicin.and  are  leased 
by  the  Societe  des  Forges  et  Acieries  de  la  Kama.  They  are  situated  at  sis  miles 
from  the  Kama,  on  the  River  Nytra,  in  the  government  of  Perm.  Wood  from  the 
Prince's  and  neighbouring  properties,  which  are  rapidly  being  depleted  of  timber,  is 
used  as  fuel ;  the  wood  and  charcoal  are  brought  from  distances  varying  between  5 
and  15  miles.  The  fireclay  is  brought  from  the  Jaiva  River,  and  the  sand  from  the 
Cusovaja. 

The  annual  production  is  8,000  tons  of  rolled  plates.  Number  of  workpeople,  500. 
The  plates  are  sent  by  wagon  to  the  Kama,  where  they  are  shipped  on  river  craft, 
and  are  thus  delivered  at  Kijni  Novgorod  for  the  great  annual  fair.  The  freight  and 
the  incidental  expenses  ("unknown  in  M/rojir,  but  imjjortant  in  Russia")  are  high. 
The  cost  per  poud  (=  IG'4  kilogrammes  =  36  lbs.)  to  the  manufacturer  varies 
between  1"80  and  2'20  roubles;  the  selling  price  ranges  from  TSo  to  2-25  roubles. 

2. — The  Paaiish  Pig  Iron  Furnaces. — These  also  belong  to  Prince  Galicin,  and 
are  leased  by  the  same  company  as  above.  They  furnish  the  Cusovsky  works  with 
pig  iron  for  making  mill-bars,  and  thence  the  mill-bars  are  sent  to  the  Nytvensk 
rolling  mills.  The  Pasiisk  furnaces  are  situated  on  the  River  Vizaj,  five  miles  from 
Pasia,  a  station  on  the  Ural  Mineral  Railway.  There  are  four  blast-furnaces,  three 
of  which  are  generally  at  work. 

The  ore  in  use  is  an  oolitic  hrematitc,  which  occurs  in  much-disturbed  and 
faulted  beds  among  the  Devonian  sandstones  and  grauwackes,  just  below  the  fetid 
limestone  (characteristic  of  the  Ural  Devonian).  Shafts  r.re  sunk  in  these  beds  to 
a  maximum  depth  of  60  metres  (say  33  fathoms).  According  to  the  analyses  the  ore 
yields  from  34  to  60  per  cent,  of  metallic  iron  (in  practice  between  42  and  44  per 
cent,  is  obtained),  0-04  to  0'12  per  cent,  of  sulphur,  and  -05  to  "45  per  cent,  of  phos- 
phorus. Dolomitic  limestone  is  mixed  with  the  ore,  and  charcoal,  brought  from 
a  considerable  distance,  is  used  as  fuel.  The  waste  gases  are  drawn  off  for  heating 
the  blast  and  the  boilers,  etc.  In  1888  the  production  was  754,000  pouds  (12,118 
tons)  at  76  kopecks  (cost  price)  per  poud. 

3. — The  Cusovsky  works,  where  the  mill-bars  are  made,  include  16  puddling- 
furnaces.  They  are  to  be  largely  extended,  and  plant  is  being  put  down  for  the 
manufacture  of  all  kinds  of  iron  and  steel,  iron  forgings,  rails,  etc.     Charcoal  and 
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wood  drying-ovens  and  mechanics'  workshops  have  also  been  erected.  The  works 
are  one  mile  distant  from  the  Cusovaja  station  on  the  Ural  Mineral  Kailway. 

4. — Three  miles  from  the  Laja  station  on  the  same  line  are  Prince  Demidoff's 
forges  of  Lai.  Here  mill-bars  are  made  from  the  pig  iron  furnished  by  the  Nijni- 
Tagilok  furnaces  (15  miles  distant  by  rail).  There  are  here  eight  puddling-furnaces. 
Wood  is  used  as  fuel.     Average  daily  production,  212"5  pouds  Qsic  in  original). 

5. — The  X/kif/nskt/  or  J/ai/mrsky  rolling  mills  also  belong  to  Prince  DemidofE. 
They  are  situated  10  miles  from  the  right  bank  of  the  Kama,  in  the  district  of 
Solikamsk  (Government  of  Perm).  Annual  production,  5,000  tons.  Number  of 
workpeople,  800.  The  River  Inva  is  made  use  of  for  water-power.  Wood  and  char- 
coal fuel  are  brought  from  distances  of  10  and  18  miles.  Fireclay  comes  from 
Kimgmok  and  the  Jaiva;  pig  iron  from  the  Alexander  furnaces.  Here  also  are 
puddling  and  welding  furnaces. 

6. — The  Alexander  blast-furnaces,  45  miles  from  Bereznaky  station  on  the 
Lunevsky  branch  of  the  Ural  Mineral  Railway,  belong  to  the  heii-s  of  Prince 
Demidoff.  Water  is  used  as  driving  power.  Magnetite  and  bog  iron  ore  are  roasted 
and  mixed  with  limestone  from  Lunevsk.  Charcoal  ovens  are  attached  to  the 
works.  Daily  production  with  cold  blast,  11|-  tons  of  pig  iron.  Lately,  hot  blast, 
at  300  degs.  Cent.,  has  been  introduced,  with  the  result  of  increasing  the  daily  pro- 
duction to  15  tons.  It  is  hoped  to  increase  the  annual  yield  to  11,000  tons,  which 
will  enable  the  Nikitinsky  rolling  mills  to  turn  out  G,600  tons  of  plate  iron  annually. 

0.  S.  E. 


THE  MINES  OF  HUALGAYOC,  PERU. 

Vorhommeii,  Gewinninifj  nnd  Verarheitung  von  Erzen  in  Hualgayoc  (^Pern').  By 
RUD.  SlEGEMANX.  Zeitschrift  fiir  das  Berg-,  mitten-  v.  Salinenwesen  im 
Preussischen  St  a  ate,  1890,  vol.  xx.vriii.,j)j).  255-260. 

Hualgayoc,  capital  of  the  province  of  the  same  name,  is  situated  almost  on  the 
watershed  of  the  Cordilleras,  at  about  11,000  feet  above  sea-level,  just  within  the 
river  basin  of  the  Maranhao,  and  113  miles  by  road  from  the  shores  of  the  Pacific. 

The  ore-deposits  occur  east  of  the  township,  down  stream,  some  in  two  curious 
hills  of  andesite,  which  contrast  in  form  with  the  surrounding  mountains  of  massive 
Jurassic  limestone  and  marl.  The  andesite,  which  is  pure  white  when  un weathered, 
appears  to  have  been  a  great  dyke,  now  separated  from  the  surrounding  rocks  by 
denudation.  It  is  full  of  pyrites,  disseminated  iron  ores,  and  galena,  the  latter  rich 
in  silver  to  the  extent  of  "lo  to  "50  per  cent.  In  the  neighbouring  limestones  occur 
veins,  layers,  and  "nests"  of  galena,  containing  between  60  and  68  per  cent,  of 
lead  and  '12  to  '18  per  cent,  of  silver.  No  copper  ores  are  found  in  the  immediate 
vicinity  ;  but  in  the  western  spurs  of  the  Cordilleras,  near  Cuchuro,  there  are 
deposits  of  grey  copper  ore  associated  with  silver  sulphide,  containing  between  4  and 
6  per  cent,  of  copper  and  from  "12  to  as  much  as  3  per  cent,  of  silver. 

The  methods  of  working  are  on  the  whole  extremely  primitive,  and  consequently 
costly.  The  labourers  are  native  half-breeds  or  Indians,  whose  natural  idleness  and 
weakliness  are  intensified  by  bad  nourishment  and  intemperate  habits.  They  are 
paid  between  6|d.  and  Is.  6d.  for  an  eight-hour  day,  although  the  working  shifts 
are  supposed  to  be  24  hours  for  hewers  and  12  hours  for  haulers. 

The  ores  are  roughly  hand-picked,  dried,  and  then  conveyed  to  the  amalgamation 
works.  Here  up  to  60  per  cent,  of  the  silver  contained  in  the  ore  is  extracted,  but 
in  cupriferous  ores  the  percentage  sinks  to  35.  The  mercury  'is  subsequently  freed 
from  the  amalgam  by  distillation,  and  the  silver  is  cast  into  bars. 
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As  the  workings  are  carried  deeper  and  deeper  into  the  hillsides,  the  ore  obtained 
is  in  a  less  decomposed  condition  and  the  metal  is  therefore  more  difficult  of  extrac- 
tion by  amalgamation.  Attempts  to  replace  this  process  by  regular  smelting  have 
been  financially  unsuccessful,  local  conditions  (among  others,  costly  fuel  and  the 
want  of  roads)  being  unfavourable. 

When  Alex,  von  Humboldt  journeyed  through  the  country,  in  the  earlier  years 
of  the  century,  he  was  informed  that  the  annual  production  of  these  mines  was 
valual  at  £250,000.     In  1886  it  had  sunk  to  £17,500.  0.  S.  E. 


SEPARATION   OF   MAGNETIC    IRON   FROM   MINERALS. 

Sitr  la  Separation  JLu/netiquc  du  Fer  dans  le-f  Jlinerais.   Bij  G.  Prus.    Le  Geiiic 
Civil,  1890,  rol.  xvli.,  2JP-  337-340,  and  Jif  teen  figures. 

At  the  Mercadal  mine  (province  of  Santander,  Spain)  the  mineral  is  found  in 
argillaceous  rocks,  containing  lime,  from  12  to  30  per  cent,  of  metallic  zinc,  and 
large  quantities  of  oxide  of  iron.  These  ores  would  be  valueless  if  they  were  not 
dressed  until  the  mean  value  exceeds  50  per  cent,  of  zinc. 

The  ores  are  submitted  to  mechanical  appliances  which  remove  the  clay  and  lime, 
and  class  the  mineral  in  sizes.  Where  the  ores  exceed  5^  inches  on  the  side,  the 
separation  of  the  oxide  of  iron  is  made  by  hand.  Below  this  size  all  the  ore  is 
calcined. 

The  iron  is  present  as  peroxide  (Fe203),  the  ore  is  mixed  with  1  to  5  })er  cent,  of 
coal,  according  to  the  proportion  of  iron,  and  is  transformed  by  calcination  into 
magnetic  oxide  (FjO,  Fe203). 

The  calcined  stone  contains  from  20  to  40  per  cent,  of  oxide  of  zinc,  and  20  to 
60  per  cent,  of  magnetic  oxide  of  iron.  It  is  passed  through  a  revolving  cylindrical 
screen  with  '06  inch  mesh,  and  divided  into  two  classes. 

The  large  size  is  then  passed  over  the  Siemens  or  Kessler  separator,  and  almost 
pure  zinc  is  obtained,  and  a  mixed  product  of  iron  and  calamine  adhering  to  it. 

The  screenings  are  separated  owing  to  the  fact  that  the  calcined  calamine  is  soft 
and  fi'iable  whilst  the  oxide  of  iron  is  hard  and  resistant.  They  are  passed  through 
a  crusher,  so  that  the  calamine  alone  is  reduced  to  powder.  The  product  is  passed 
into  a  cylindrical  screen  with  "06  inch  mesh ;  the  grains  in  the  screen  are  sent  to 
the  electro  separator,  the  line  below  "06  inch  goes  to  the  deviator.  The  series  of 
operations  are  : — 


Calamine.    \     Fine  sent  (  n  \ 

Large  above  I  Mixed  passes  i        to  the  \  '  j', 

•06  inch       ]  to  the  crusher  f  separator.  I  "  " 

mineral  sent       ^^^^  *°  ^^''^   'l        '"^"'^  *°        [  Large  sent  r  p,  ,       . 

tothe-06'inchl    -l--*-'-          ^J^n^'            '^ ''^^  IroT' 

r.vlindvical    '  \        ^'^  ^^°"-  separator.  I. 


Calcined 


cylindrical 
screen 


Fine  under    I 

•06  inch,     )     Calamine, 
passed  to  the  i  Iron. 

I     separator.     ( 

The  paper  is  accompanied  with  full  details  of  the  Siemens,  Kessler,  and  Vial 
electro-separators. 

The  best  results  are  obtained  with  the  highest  contents  of  oxide  of  iron,  thus : — 
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Before  treatment — 

Metallic  zinc    ... 

Do.      iron     ...         

After  treatment — 

Metallic  zinc    ... 

Do.       iron     ... 

Cost  of  treatment — 

AVages    

Coal        

Establishment  charges  and  interest. 

Total 


I. 

39-87 

n. 

30-50 

22--i6 

31-87 

51-56 

48-73 

10-81 

11-80 

Is.  Old. 
Is.  Od. 

per  ton. 

Is.  3id. 
3s.  4d. 

M.  W.  B. 


THE   PADDOCK   AIR-JIG. 

The  Paddock  Pneinnatic  Ore  Sejmrator.      The  Engineering  and  fining  Journal 
(^Netc  York),  1892,  vol.  Jiv.,  p.  130,  and  one  figure. 

The  support  for  the  machine  is  formed  by  the  hollow  base,  which  contains  the 
shaft  and  driving  pulleys.  Two  adjustable  eccentrics  are  placed  on  the  shaft,  run- 
ning at  450  revolutions  per  minute,  and  working  the  bellows,  which  forces  puffs  of 
air  through  the  bed  of  the  machine.  The  air  is  delivered  through  the  circular  neck 
to  the  bed  of  the  machine. 

The  bed  consists  of  an  iron  grating,  made  of  thin  diagonal  bars,  covered  by  a 
piece  of  tightly  stretched  broad-cloth,  held  in  position  by  the  wooden  frames  of  the 
bed,  containing  a  brass  grating  which  lies  parallel  to  and  directly  above  the  diagonal 
gratings  underneath  the  cloth.  The  brass  strips  are  about  |  inch  deep  above  the 
cloth,  and  above  them  is  another  grating  in  which  the  strips  are  about  2  inches  in 
height.  This  grating  also  runs  diagonally  across  the  bed,  but  at  about  right  angles 
to  the  first  grating  above  the  cloth. 

At  the  upper  end  a  hopper  is  placed,  and  an  apron  at  the  lower  end,  fitted  with 
adjustable  partitions,  which  separate  the  products. 

The  circular  pipe  which  supports  the  bed  of  the  machine  is  composed  of  a  sei-ies 
of  wedge-shaped  rings,  and  by  turning  these  rings,  the  bed  is  placed  in  any  desired 
angle,  which  is  a  most  important  feature  of  the  apparatus. 

Vriieii  the  bed  has  been  adjusted  to  the  proper  position,  the  shaft  is  started  and 
the  air  forced  through  tlie  cloth.  The  ore  is  now  fed  into  the  hopper,  and  as  it  meets 
the  air  it  is  arranged  according  to  its  specific  gravity,  the  heavier  matter  working 
downwards  and  the  lighter  working  upwards.  The  inclination  of  the  machine  and 
the  action  of  the  air  has  the  effect  of  carrying  the  various  mineral  products  slowly 
towards  the  lower  end  of  the  machine.  The  ore  in  passing  over  the  cloth  encounters 
the  diagonal  strips  of  brass,  which  tend  to  carry  the  heavj'  particles  to  one  side,  and 
meets  the  upper  row  of  grating  running  in  the  other  direction,  and  this  matter  is 
carried  or  skimmed  towards  the  higher  part  of  the  betl.  This  action  goes  on  con- 
tinually until  the  product  reaches  the  apron,  where  partitions  are  set  to  divide  the 
ore  into  different  classes. 

Excellent  results  have  been  obtained  when  using  this  machine  for  the  separation 
of  ores  containing  lead,  zinc,  iron  pyrites,  etc.,  and  such  ores  are  separated  in  one 
operation  at  the  rate  of  one  ton  per  hour  into  merchantable  products,  waste  and 
middlings.  The  middlings  consist  of  unseparated  products,  which  are  re-crushed 
and  i-un  through  the  machine  again.  M.  W.  B. 
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THE  VENSTROM  MAGNETIC  SEPARATOR. 

Engineering  and  Mining  Journal  {Xeto  Yorh),  1889,  vol.  xlvi.,p.  437,  and  two  figures. 

The  Venstrom  magnetic  separator  may  be  said  to  have  passed  the  experimental 
stage,  as  it  has  been  over  four  years  in  use  at  Dannemora  and  other  mines  in  Sweden. 

It  differs  from  other  machines,  as  it  is  capable  of  taking  ore  in  large  sizes,  so  that 
it  is  possible  to  eliminate  by  concentration  a  good  deal  of  waste  rock  without  the 
expense  of  crushing  it  to  a  fine  size. 

The  machine  has  a  stationary  iield  magnet  and  an  armature  barrel  consisting  of 
a  number  of  soft  iron  bars,  separated  from  one  another  by  a  non-magnetic  material 
(thin  strips  of  wood).  The  whole  is  bound  together  by  non-magnetic  end  rings. 
The  bars  are  cut  away  alternately  on  the  inside  to  make  one  bar  project  only 
toward  the  north  poles  of  the  magnet,  and  the  next  only  to  the  south  poles.  This 
gives  each  succeeding  bar  opposite  magnetism.  Fifteen  pounds  of  copper  wire  are 
wound  on  each  of  the  four  sections  of  the  magnet.  An  Edison  dynamo  furnishes  a 
current  of  10  amperes  and  35  volts.  The  ore  is  fed  to  the  barrel  by  means  of 
a  hopper.  The  magnetic  ore  adheres  to  the  bars  of  the  barrel  and  is  carried  down- 
wards past  the  first  delivery  chute.  Below  the  machine,  the  bars,  departing  from  the 
influence  of  the  electro  magnet,  which  is  placed  eccentrically,  lose  their  power  to  hold 
the  particles  of  magnetic  iron  ore,  and  they  drop  off.  The  particles  of  rock  in  the  ore 
being  non-magnetic  drop  off  the  barrel  almost  immediately,  and  fall  on  the  first  chute. 

It  runs  at  a  speed  of  about  30  revolutions  per  minute,  with  very  little  expendi- 
ture of  power.  A  machine  having  a  barrel  20  inches  diameter  and  15  inches  lono-, 
has  a  capacity  of  3  tons  per  hour  and  will  take  rock  up  to  \^  inches  cube. 

M.  W.  B. 

THOMAS   ORE-WASHER. 

The  Engineering  and  Mining  Journal  {Xew  York),  1890,  vol.  I., 2>-  Hi  und  two  figures. 

The  Thomas  ore-washer  consists  of  a  rectangular  box  having  cast-iron  ends  and 
wooden  sides  and  bottom.  The  "box"  is  usually  25  feet  long,  5  feet  wide,  and 
2  feet  deep,  fitted  from  end  to  end  with  2  "  logs "  fitted  to  a  series  of  cast-iron 
blades  arranged  helically  and  in  such  a  manner  that  they  form  two  large  screws  of 
right  and  left-hand  pitch 

The  box  is  set  at  a  small  angle  ami  receives  the  ore  at  its  lower  end,  while  a 
stream  of  water  enters  at  the  upper  end.  The  logs  revolve  in  the  ore  and  gradually 
move  it  towards  the  upper  end  against  the  stream  of  water,  with  the  result  that  the 
clean  washed  ore  leaves  the  box  at  the  higher  end,  and  the  water  leaves  tlie  lower 
end  as  "  tailings,"  carrying  the  waste  matter  to  a  settling  pond. 

The  angle  at  which  the  box  is  inclined  varies -upon  the  character  and  quantity 
of  the  material  to  be  washed  out  of  the  ore. 

The  two  logs  are  geared  together  and  are  driven  by  a  pinion. 

The  box  requires  from  35  to  50  gallons  per  minute  for  the  treatment  of  50  to  75 
tons  of  iron  htematites  or  clay-bearing  ores,  and  is  driven  by  a  12  to  15  horse-power 
engine.  M,  W.  B, 


THE  OIL-FIELDS  OF  TWINGOUNG  AND  BEME,  BURMA. 

By  Feitz  Xoetling.     Bceords  of  the  Geological  Survey  of  India,  1889,  vol.  xxii., 

pp.  75-136,  one  plate  and  one  map. 

The  oil-fields  are  situated  at  a  distance  of  1^  miles  from  Yenangj'aung  (creek  of 
oil),  on  the  River  Irrawaddy.  and  near  the  villages  of  Tvvingoung  (hill  of  wells)  and 
Berne,  in  latitude  29°  21'  N.  and  longitude  94°  56'  E. 
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The  strata  chiefly  belong  to  the  Tertiary  formation,  probably  the  upper,  and  of 
Miocene  age,  and  are  covered  by  a  layer  of  ferruginous  red  gravel,  abounding  in 
large  pebbles  of  white  quartzite  and  fossil  wood.  The  beds  consist  of  laminated 
and  clayey  sands,  sometimes  forming  soft  sandstones.  Some  beds  are  highly  cal- 
careous, and  abound  in  concretionary  masses  of  sandy  limestone.  In  other  beds 
there  are  nodular  concretions  of  hard  quartzitic  sandstone,  arranged  in  irregular 
layers.  There  are  a  few  pebbly  beds,  and  sometimes  layers  of  ferruginous  con- 
glomerate. The  imbedded  minerals  are  gypsum,  pyrites,  coal,  and  nitrate  of  calcium 
formed  on  the  surface  of  the  rocks. 

In  descending  order  there  are  four  groups  of  strata : — 

Upper  Group  consisting  of  brown  and  yellow  sandstones,  followed  by  similar 
beds  of  dark  red  and  yellowish  colours,  and  from  20  to  30  feet  in  thickness. 

Second  Group  consisting  of  bluish  grey  sandstones  and  clays  alternately,  about 
120  feet  thick,  then  a  hard  grey  sandstone  about  4  feet  thick,  about  100  feet  from 
the  top.  Thin  seams  of  coal  are  found.  The  lower  part  of  this  group  is  fairly 
soaked  with  oil,  which  actually  oozes  out  in  the  ravines,  but  it  never  yields  large 
quantities. 

Third  Group,  about  20  or  25  feet  thick,  consisting  of  a  stiff  dark  blue  clunch, 
containing  thin  irregular  beds  of  green  sandstone.  This  forms  the  boundary''  l>ed 
between  the  upper  strata  and  the  oil-bearing  sandstone  of  which  it  is  the  hermetical 
covering. 

Fourth  Group,  or  Oil-hearing  Sandstone. — The  strata  are  similar  to  the  second 
group.  There  are  beds  of  hard  sandstone  (bluish  grey  changed  to  a  yellowish  green 
by  the  oil),  with  layers  of  blue  clunch  of  varying  thicknesses.  These  are  underlaid 
by  a  series  of  conglomerate  sandstones.  This  group  contains  a  large  amount  of  oil, 
and  is  the  true  oil-bearing  strata. 

The  oil-beariug  sandstone  is  from  130  to  135  feet  thick,  but  it  is  not  equally 
soaked  with  oil. 

The  superficial  area  of  the  Twingoung  oil-field  is  90  acres.  Of  the  375  wells,  166 
are  unproductive,  120  are  productive,  and  89  are  old,  exhausted,  or  slightly  produc- 
tive. In  depth,  26  wells  are  under  150  feet,  66  under  200  feet.  111  under  250  feet, 
30  under  300  feet,  and  3  over  200  feet,  the  deepest  being  310  feet.  An  average  yield 
of  oil  is  about  8(i"5  viss  (of  3-65  lbs.)  per  well  per  day. 

The  Beme  oil-fields  cover  an  area  of  35  acres.  There  are  151  wells,  of  which  79 
are  unproductive  old  wells,  50  are  productive  wells,  and  22  are  only  slightly  produc- 
tive. In  depth,  23  wells  are  under  150  feet.  12  under  200  feet,  36  under  250  feet, 
and  7  under  300  feet,  the  deepest  being  270  feet.  The  average  yield  is  68'7  viss  per 
diem  per  well. 

The  total  daily  production  of  the  two  fields  ranges  from  14,932  to  20,658  viss. 

The  report  contains  the  most  ample  details  of  all  matters  relating  to  the  oil  wells. 

M.  W.  B. 


THE  WORKING  OF  PEGMATITE  IX  SWEDEX. 

Ueber  die  Au-snutzung  von  Pegmatitgdngen.    ANON.    Berg-vnd  nuettenmeennUcJie 
Zeitung,  1891,  vol.  I.,  p.  209. 

The  pegmatite  occurs  in  Bohus-Lehre,  on  the  western  coast  of  Sweden,  in 
numerous  veins  running  through  granite  and  gneiss.  It  is  so  coarsely  crystalline 
that  the  orthoclase  and  quartz  are  easily  separable  for  economic  purposes. 

Three  varieties  of  pegmatite- vein;  are  known  in  that  region  ;— 
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No.  1  seems  to  belong  exclusively  to  the  great  granite  area.     It  forms  veins 
of  generally  even  breadth,  from  less  than  one  foot  to  a  few  feet  in  thick- 
ness, penetrating  the  granite  in  all  directions.     Its  constituents  are  red 
orthoclase,  yellow  (?)  plagioclase,  dark  quartz,  and  colourless  mica.     The 
felspar  rarely  occurs  in  large  masses. 
No.  2  is  seen  penetrating  the  gneiss  around  Uddevalla  and  other  localities. 
Orthoclase  occurs  in  pretty  large  masses,  but  never  unaccompanied  by 
mica  and  quartz. 
No.  3  penetrates  the  gneiss  in  veins  of  very  variable  thickness.     The  felspar 
occurs  in  workable  masses. 
The  two  largest  veins  are  worked  at  Munkeby  and  Brattas.     That  in  the  former 
locality  is  about  500  feet  long  and  30  feet  thick,  but  narrowing  towards  either  end. 
From  1882  to  1885  it  produced  8,140  tons  of  felspar  and  980  tons  of  quartz.     At 
Brattas  the  vein  is  larger,  but  quartz  predominates  in  it  so  far.    Production  to  1885  : 
— 1,747  tons  of  quartz,  and  895  tons  of  felspar.  0.  S.  E. 


PHOSPHATES  IN  FRANCE. 

Xote  snr  lex  rhoyiJiatex  Jc  Jit  Somme.    By  A.  Leveille.    Le  Gcnle  Civil,  1890,  vol. 

xvii.,j)j).  328-331,  find  Jive  fig  uren. 

The  phosphate  deposits  of  Beauval  (Somme)  are  eight  in  number: — Beauval, 
Milly,  Ecrivain,  Mysterreux,  Campagne,  Terramesnil,  Beauquesne,  and  Orville. 
The  phosphate  is  always  found  as  a  sand — brown  (N'o.  3)  containing  50  to  60  per 
cent,  of  phosphate  of  lime ;  yellow  (No.  2)  with  60  to  70  per  cent.,  and  white  (No.  1) 
with  more  than  70  per  cent.  The  colour  is  due  to  the  mixture  of  clay  with  the 
phosphate  of  lime. 

The  phosphate  is  found  lodged  in  "  poches,"  or  conical  holes  or  pits  connected 
together,  and  of  varying  diameters  and  depths,  extending  to  1 5  or  20  feet.  No.  1  is 
found  at  the  bottom,  and  for  a  limited  height  up  the  sides ;  No.  2  is  found  above 
this  on  the  sides  <ind  the  upper  parts  of  the  sides,  and  between  the  holes  is  covered 
with  No.  1.  The  space  in  the  centre  of  the  holes  is  lilled  with  clay  and  soil,  forming 
the  surface  of  the  ground.     Occasionally  the  clay  extends  to  the  bottom  of  the  pit. 

The  pits  or  poches  are  formed  in  chalk,  which  contains  a  little  phosphate.  The 
upper  bed  is  chalk,  underlaid  with  a  bed  of  phosphated  chalk,  from  2  to  3  feet 
thick,  containing  from  30  to  40  per  cent,  of  phosphate. 

The  workings  are  usually  quarry-like,  with  stepped  faces,  or  the  contents  of  the 
pits  are  removed  by  windlasses,  and  in  a  few  instances  the  phosphates  are  mined. 

At  Milly  about  3  cubic  yards  of  phosphate  is  obtained  per  square  yard  of  surface, 
whilst  at  Beauval  it  is  as  much  as  6  or  7  cubic  yards ;  and  for  each  cubic  yard  of 
phosphate  there  is,  as  a  general  rule,  from  2  to  3  cubic  yards  of  soil,  etc.,  to  be 
removed.  M.  W.  B. 

A  JET  PUMP. 

Wasso-hfbuiiff  mittclst  StraliJajJpai'ats.  Gluchuif,  1889,  vol.  xxv.,  2U^.  707-708. 
In  a  coal-mine  at  Lievin,  in  France,  a  Korting  jet  pump  has  been  economically 
employed  to  remove  water  collected  at  the  bottom  of  a  ventilating  shaft,  to  another 
shaft  at  some  distance,  from  which  it  can  be  pumped  in  the  ordinary  manner.  A 
volume  of  293  cubic  feet  of  water,  with  a  head  of  about  900  feet  in  the  ventilat- 
ing shaft,  suffices  to  raise  388  cubic  feet  of  water  to  a  height  of  80  feet,  in  24  hours, 
thus  giving  an  efficiency  of  15  per  cent.  The  apparatus  is  set  in  action  once  a  week, 
fVnd  requires  no  attention  during  that  time.  A.  N, 
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POHLE  AIR-LIFT  PUMP. 

By  C.  A.  Stetefeldt.     The  Eiigineering  and  Mining  Journal,  New  YorTi.  1889, 
vol.  xlviii.,  pp.  56G-567,  and  fotir  figure.^, 

A  pipe,  open  at  both  ends,  is  immersed  in  a  well,  and  compressed  air  is  intro- 
duced at  the  lower  end  through  a  smaller  pipe.     The  water  rises  in  the  pipe,  and  is 
discharged  together  with  the  air  at  the  upper  end.     The  action  of  the  pump  is 
explained  by  the  air-bubbles  acting  as  pistons,  which  rise  rapidly,  lift  the  water,  antl 
'discharge  it  at  the  upper  end  of  the  pipe. 
Details  of  a  few  experiments  :— 


Pressure  of  Air 

Quantities  of 

Head  above 

Length  of  Pipe 

iu  Pounds 

Water  Pumpetl 

Water  Level 

under  Water 

H 

Efficiency 

per 

in  Cubic  Feet 

in  Feet. 

Level  in  Feet. 

u  ■ 

per  Cent. 

Scinare  Inch. 

per  Minute. 

H. 

h. 

21-9 

14-550 

34-7 

53-6 

•6 

4r, 

12-5 

8-520 

20-3 

25-3 

1-0 

40 

30-8 

10-794 

75-4 

52-8 

1-4 

34 

15-2 

3-978 

62-4 

25-9 

2-4 

24 

In  these  experiments  the  inside  diameter  of  tlio  pump  was  3  inches,  air-pipe 
1  inch,  and  its  nozzle  |  inch.  M.  W.  B. 


Bg  JOSTAH   Uow. 


THE  POSITIVE  PISTON  PUMP. 

The  Journal  of  the  Franklin  Institute,  1889,  vol.  cxa-viii.,  pp. 
1(51-174,  and  three  figure.^. 


The  positive  piston  pump  is  one  of  those  generally  known  as  "  rotaries."  It 
consists  of  a  rotary  wheel  with  one  tooth  intermoving  with  another  equal  sized 
wheel  with  a  single  space  for  the  tooth  of  its  fellow-wheel.  The  inlet  or  suction  is 
around  the  axis  of  rotation  of  the  toothed  wheel,  and  the  outlet  at  the  periphery  of 
the  moving  parts  and  in  line  with  a  tangent  proiluced  from  them.  The  inflow 
being  around  the  axis  passes  between  it  and  the  piston,  and  is  carried  into  the  centre 
of  the  pump  through  a  cylinder,  which  is  in  fact  a  continuation  of  the  suction  pipe, 
upon  which  the  piston  is  placed,  and  around  the  outside  of  which  is  the  chamber, 
annular  in  shape. 

The  following  tests  have  been  made  : — 


No. 

Revolutions 

per 

Minute. 

Theoretical 

Discharge 

in 

Gallons. 

Actual  Dis- 
charge against 
a  Head  of 
129  Feet 
in  Gallons. 

Discharge 
per  Cent. 

Indicated     Effective 
Horse-          Horse- 
power,        power. 

Useful 
Effect. 

1 
2 
3 

20-3 

8(')-6 

104-7 

101-5 

433- 

523-5 

11-3 
452- 
536- 

10-8 
104-4 
102-3 

4-26 
23-06 
29-82 

•33 

14-60 
17-65 

8-0 
63-3 
59-2 

M.  W.  B. 
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UNDERGROUND  PUMPING  ENGINE, 
La  Machine  (V Epuisement  souterraine  instalUe  au  Puits  No.  4  des  Charbonnages  dt. 
Bernissart.     By  A.  Ledent.     Revve  Universelle  des  Mines,  etc.,  \%%?,, series  3, 
vol.  a.,  pp.  1-21,  and  three  plat  ex. 

The  underground  pumping  engine,  erected  in  1886  at  a  depth  of  780  feet,  in  the 
Bernissart  Colliery,  has  two  horizontal  cylinders,  coupled  at  right  angles,  each 
working  two  single-acting  plunger  pumps  ;  the  cylinders  are  17|  inches  diameter, 
and  ZZ\  inches  stroke.  There  is  a  fly-wheel  11*4  feet  in  diameter  and  weighing 
4  tons.  The  paper  is  accompanied  with  detailed  drawings  of  the  slide  valves,  con- 
denser, pumps,  and  valves,  together  with  indicator  diagrams. 

At  43  revolutions  per  minute,  the  useful  efEect  of  the  whole  mechanism  is  about 
80  per  cent.  (69  H.F.  in  water  -4-  85J  I.H.P.).  From  155  to  165  lbs.  of  coals  are 
consumed  per  hour  for  a  useful  effect  of  69  horse-power,  or  say  2'3  lbs.  of  coal  per 
horse-power  per  hour  of  water  raised. 

The  engine  cost  about  £1,700  in  position.  M.  W.  B. 

THE   AUTOMATIC   REFRIGERATOR   SYSTEM. 
The  Colorado  Aiitomatic  Refrigerator  System  at  Denver,  Colorado.    By  A.  McL. 
Hawks,  Jun.      Transactions  of  the   American  Society  of  Civil  Engineers, 
1891,  vol.  xxiv.,  pp.  389-392,  and  one  figure. 

An  interesting  and  commercially  successful  experiment  in  furnishing  a  refri- 
gerator medium  through  a  pipe,  in  the  same  way  as  steam,  gas,  or  water  is  supplied, 
has  been  carried  on  in  Denver,  Colorado,  for  the  last  two  years. 

The  process  adopted  consists  in  the  forcing  of  an  ammoniacal  liquor  (of  the  pro- 
portion of  29  parts  of  ammonia  and  71  parts  of  water)  through  pipes  to  the  points 
where  refrigeration  is  desired ;  the  sudden  increase  of  space  at  that  point,  so  that  it 
may  quickly  vaporize ;  and  the  absorption  by  water,  so  as  to  return  in  a  suction 
pipe  to  the  central  station  ;  the  distillation  of  the  ammonia  and  the  removal  of  heat 
during  the  process.  It  will  be  seen  that  the  system  is  practically  automatic,  and 
once  charged  will  run  continuously,  and,  bar  accidents,  without  loss. 

The  plant  consists  of  a  30  ton  ice  machine  and  about  2  miles  of  pipes,  with  con- 
nexions for  29  refrigerator  boxes,  having  an  air  space  of  70,000  cubic  feet  and  a 
cold  storage  of  50,000  cubic  feet  capacity.  The  supply  pipe  is  of  wrought-iron, 
1  inch  diameter,  and  is  capable,  by  the  installation  of  another  30  ton  machine,  of 
refrigerating  150,000  cubic  feet.  The  valves  in  the  box  connexions  have  a  clear 
opening  of  ^'4  inch,  which  serves  for  any  ordinary  cold  storage  room.  There  is 
a  1  inch  connexion  with  a  grill  of  1^  inches  pipes  at  the  ceiling  of  the  room,  at  the 
fore  end  of  which  is  a  \^  inches  return  pipe  to  the  3  inches  suction  pipe,  returning  to 
the  central  station.  The  pipes  are  placed  in  a  conduit  made  of  rough  planks,  which 
is  20  inches  square.  Comparative  tests  have  been  made  as  to  the  merits  of  this 
system  as  compared  with  the  use  of  ice.  Two  similar  boxes,  with  similar  contents 
for  preservation,  the  one  fitted  with  the  refrigerator  pipes  and  the  other  filled  with 
ice,  were  tried.  After  about  8  hours  the  ice  reduced  the  temperature  from  62  degs. 
to  47  degs.  Fahr.,  and  at  the  end  of  2  days  to  41  degs.  Fahr.,  which  seems  to  be  the 
limit.  By  the  ammonia  process  it  was  lowered  to  41  degs.  Fahr.,  and  sometimes 
lower,  in  less  than  15  minutes.  The  air  in-  this  case  was  dried  and  pure  (as  all 
moisture  was  collected  on  the  grill  of  pipes  overhead  in  the  form  of  frost)  instead 
of  damp  and  moist. 

The  charges  for  the  supply  for  the  refrigerating  medium  are  based  upon  the 
cubic  feet  of  air  space  in  the  customer's  box.  M.  W.  B. 

VOL.  XLI.-1891-92.  2  0 


370 


NOTES  OF  PAPERS   IN  FOREIGN 


FOSSIL  RESINS  IN  NORTH  AMERICA. 

Ueher  fossile  Uarze  aus  Nordameriha.  By  —  Conwentz.  Neues  Jahriuch  fiir 
3Iineralogie,  etc.,  1891,  vol.  i.,p.  208.  Stuttgart. 
Resins  similar  to  amber  occur  both  on  the  eastern  and  western  coasts  of  Mexico, 
where  the  shore  is  sandy  and  not  rocky.  The  Mexican  Government  have  recently 
granted  a  concession  for  amber  digging  on  the  western  coast  of  the  State  of  Chidpa. 
Other  fossil  resins  are  found  in  the  Chalk  strata  of  Northern  Mexico,  and  they  are 
known  to  occur  in  Colorado,  New  Jersey,  and  Virginia.  0.  S.  E. 


LIGHTING   POWER   OF   SAFETY-LAMPS. 

Untersuchungen  iiber  die  Leuclithruft  der  Siehci'lieitslampen.    Anlagen  zum  Haupt- 
Berichte  der  Pren-m.when  Schlngwettcr-Commmkm,  vol.  iii.,^)}}.  110-121. 
A  Bunsen  photometer  was  used  to  determine  the  lighting  power  of  the  various 
lamps,  the  comparisons  being  made  with  an  English  normal  spermaceti  candle, 
having  a  flame  about  1*8  inches  high. 


Lighting  Power  in  Candles. 

No.  of 
Lamps 

Description  of  Lamps 

Oil  Used. 

TeBted. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

9 

Davy 

Purified  rape  oil  ... 

•26 

•13 

•19 

19 

Westphalian  (1)  ... 

Do. 

•86 

•31 

•56 

50 

Do.          (2)... 

Do. 

•82 

•42 

•59 

20 

Saarbruck  (3) 

Do. 

•83 

•40 

•60 

9 

Clanny      

Do. 

•95 

•45 

•62 

5 

Mueseler 

Do. 

•85 

•35 

•69 

4 

Wolf  (4) 

Benzine     

•88 

•52 

•66 

2 

Marsaut 

Purified  rape  oil... 

•69 

•67 

•68 

1 

Open  lamp 

Do. 

1-40 

— 

1-40 

(1)  The  Westphalian  lamp  is  similar  to  a  Mueseler  lamp,  without  a  chimney 
and  gauze  diaphragm,  the  air  being  admitted  below  the  glass,  through  a  perforated 
ring. 

(2)  A  similar  lamp  to  the  above,  with  a  closed  ring. 

(,3)  The  Boty  or  Saarbruck  lamp  is  a  Mueseler  lamp,  without  a  chimney  and 
gauze  diaphragm  ;  the  gauze  is  slightly  conical. 

(4)  The  Wolf  lamp  burns  benzine,  and  has  a  gauze  whose  diameter  is  less  than 
that  of  the  glass.     It  can  be  lighted  by  means  of  a  percussion  apparatus. 

At  one  large  mine  the  cost  of  maintaining  one  lamp  for  100  shifts  of  10  hours  is : — 


Rape  oil 

Glasses 
Wicks 


s.  d. 

5  4i 

0  4| 

0  Oi 


Total 


In  another  mine,  with  rape  oil  at  31s.  per  cwt.  and  benzine  at  22s.  6d.,  the  cost 
of  oil  per  100  shifts  of  10  hours,  is  : —  ' 

s.   d. 

Rape  oil      3  11 

Benzine       1  10 

showing  an  economy  of  50  per  cent,  in  favour  of  benzine. 
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It  is  suggested  that  the  difference  of  Is.  5^d.  between  the  cost  of  rape  oil  at  the 
two  collieries  is  due  to  theft  by  the  workmen,  which  is  avoided  by  the  use  of  benzine. 

The  saving  may  be  taken  at  3s.  6^d.  per  1,000  hours'  burning,  or  say  10s.  per 
lamp  per  annum.  M.  W.  B. 


SYSTEMS  OF  LOCKING  SAFETY-LAMPS. 

Su?-  divers  Systemes  de  Fermeture  des  Lampes  des  Surete.    By  L.  Janet.    Annales 

des  Mines,  1889,  series  8,  vol.  xvi.,  pp.  564-586,  and  plate  XIII. 

The  accidents  due  to  the  use  of  safety-lamps  may  be  divided  into  three  classes. 
The  fire-damp  is  ignited  either  at  a  naked  light,  or  at  an  ungauzed  lamp,  or  by  a 
defective  or  unsafe  pattern  of  lamp. 

The  removal  of  the  gauze  can  be  avoided  by  suitable  locking  arrangements. 
The  importance  of  this  question  is  shown  by  the  enormous  increase  in  the  number 
of  lamps  relighted,  when  a  perfect  system  of  locking  is  in  force.  The  following 
figures  are  the  results  in  a  number  of  Valenciennes  collieries  : — 

Per  Cent,  of  Extinctions. 

Davy     lamp       10  to  20 

Boty  „  20  „  30 

Marsaut    „         30  „  40 

Mueseler  „         50  „  60 

Before  the  lamps  were  efficiently  locked  the  number  of  relightings  rarely  exceeded 
'A  or  4  per  cent. 

The  writer  then  describes  various  systems  of  locking  safety-lamps. 

The  Lemaire  lock  is  secured  by  a  strong  spring,  opened  by  a  powerful  screw 
press. 

The  Villiers  electro-magnetic  lock,  closed  by  a  strong  enclosed  spring  to  which 
two  soft  iron  discs  are  attached ;  the  pin  engages  in  a  rack  on  the  top  of  the  lamp, 
and  the  pin  is  withdrawn  by  a  powerful  magnet  when  the  lamp  is  to  be  opened. 

The  Cuvelier  and  Catrice  hydraulic  lock  is  described  on  page  51  of  volume  xxxvi. 
of  the  Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers. 

The  Dinant  soldered  plate,  in  which  a  pin,  piston,  and  spring  is  placed  in  a  vertical 
recess  in  the  oil  vessel,  and  closed  by  a  plate  which  is  soldered  on.  The  pin  engages 
in  a  rack  on  the  top  of  the  lamp,  the  pin  being  withdrawn  on  the  removal  of  the 
soldered  plate.     One  man  can  close  up  fifty  lamps  per  hour. 

Lead  rivet  lock,  with  vertical  or  horizontal  plates  for  the  rivets  to  pass  through, 
or  hasp  and  riveted  pin. 

In  the  Brun  lock,  the  ordinary  screw  is  long  and  is  screwed  until  the  extremity 
passes  through  the  lamp,  and  a  lead  rivet  is  stamped  through  a  small  hole  at  the 
end  of  the  screw. 

The  Vialla  and  Catrice  lock  is  similar  to  the  Dinant  soldered  plate,  save  that 
the  soldered  plate  is  replaced  by  a  leaden  rivet ;  it  has  the  advantage  of  allowing 
the  lamp  to  be  lighted  after  being  riveted. 

The  Dinoire  lock  has  the  same  advantage,  the  rivet  being  placed  on  the  top  of 
the  lamp.  One  of  the  pillars  is  replaced  by  a  flat  plate  pierced  with  a  hole.  The 
locking  pin  is  pushed  outwards  by  a  spring  enclosed  in  a  small  tube  with  a  small 
hole  at  the  upper  end,  whilst  the  lower  end  of  the  cylindrical  lock  fits  into  a 
recess  on  the  ring  of  the  lamp.  The  lock  being  riveted  to  the  pillar,  and  the  pin 
being  projecting,  engages  in  a  rack,  when  it  is  screwed  to  the  bottom  of  the  lamp. 
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The  DubruUe  lock  preTents  the  lamp  being  opened  before  the  flame  is  extin- 
guished. The  wick  of  the  lamp  is  worked  together  with  the  pin,  locking  into  a 
rack  on  the  top  of  the  lamp,  so  that,  when  the  pin  is  drawn  down  to  open  the 
lamp,  the  wick  is  drawn  completely  down  into  the  oil  vessel. 

The  only  locks  affording  efficient  protection  are  those  which  the  workman 
cannot  open,  or  those  in  which  any  attempts  are  detected.  The  Villiers  electro- 
magnetic, the  Cuvelier  and  Catrice  hydraulic,  the  Dinant  soldered  plate,  and  the 
lead  rivet  appear  to  fulfil  this  condition.  M.  W.  B. 


A  SECURE  LOCK   FOR  SAFETT-LAMPS. 

Znr  Schlagwetterfragc.     By  E.  HoMANN.     OestcrreichLsche  Zeitschrift  ftir  Berg- 

vnd  Iluttemcexen,  1890,  vol.  xiccrlH.,  JU^-  372-373,  and  Jive  figures. 

Messrs.  Postolka  and  Eliasch  have  invented  a  secure  lock  for  mining  lamps. 

It  consists  of  two  screws,  with  right  and  left-hand  threads.  The  screws  have  the 
same  pitch  ;  the  bolt,  with  a  right-hand  thread,  is  screwed  into  the  upper  nut,  and 
is  fitted  with  a  collar,  to  which  it  is  fixed  by  means  of  a  pin.  The  left-handed 
screw  is  hollow,  and  is  fitted  with  another  nut.  The  extensions  of  the  two  nuts 
are  riveted  together. 

By  this  arrangement  the  two  screws  can  only  be  moved  when  turned  simul- 
taneously and  in  opposite  directions  by  means  of  a  special  key.  This  key  is  made 
in  three  parts :  a  handle  working  by  means  of  a  rod  upon  a  bevel-wheel,  a  socket 
and  bevel-wheel,  and  a  cross-piece  carrying  a  guide  pin  and  another  bevel-wheel. 

The  rod,  which  is  in  one  piece  with  the  handle  and  a  bevel-wheel,  is  passed 
through  the  cross-piece,  and  fitted  with  a  square  pin  at  its  end,  which  fits  into  the 
lower  part  of  the  bolt,  and  turns  it  to  the  right.  The  socket  encases  the  rod,  with 
which  it  is  connected  by  means  of  a  circular  collar  and  pin,  and  is  fitted  at  the  top 
with  two  teeth,  which  fit  into  two  suitable  recesses  made  in  the  lower  portion  of 
the  hollow  screw.  The  socket  is  turned  to  the  left  by  means  of  the  three  bevel- 
wheels,  which  are  suitably  arranged.  The  guide  pin  is  slipped  into  a  slot  when 
in  use. 

To  lock  the  lamp  the  two  screws  are  turned  by  the  key  in  opposite  directions  at  a 
uniform  speed,  and  are  stopped  by  the  nut  of  the  hollow  sere  w  and  the  coUar  on  the 
bolt.     The  lamp  is  unlocked  by  a  movement  of  the  key  in  the  opposite  direction. 

If  an  attempt  is  made  to  open  the  lamp  by  any  means  except  the  proper  key, 
one  or  both  of  the  screws  are  displaced  without  the  lamp  being  opened,  and  the 
attempt  is  made  known  by  the  proper  key  being  unable  to  open  it. 

M,  W.  B. 

PREVENTION  OF  COLLIERY  FIRES. 
Vorsichtsmaassregeln  gegen    Gruhenhrdnde.      By   AST.  HOXL.      Oesterreichische 

ZelUchrlft  filr  Berg-  vnd  Huttenwesen,  1888,  vol.  x.rxr}.,pp.  639-640,  G46-64S. 

The  most  certain  means  of  preventing  such  fires  consists  necessarily  of  shutting 
off  the  air. 

A  consideration  of  the  nature  of  the  coal  is  also  of  some  importance.  Thus  in 
the  Rossitz-Oslavan  coal-field  the  pyritous  coal  is  found  liable  to  take  fire  spon- 
taneously, but  the  danger  is  decreased  where  the  roof  consists  of  sandstone  than 
where  it  consists  of  shale.  In  the  Kludin  and  Leoben  coal-fields  it  is  also  found 
that  the  shale  of  the  roof  is  subject  to  spontaneous  fires.  M.  W.  B, 
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THE  PRODUCTION  OF  COAL  IN  THE  UNITED  STATES  IN  1887  AND  1888. 
By  C.  A.  ASHBURNEE,  Assktant  in  Charge  of  Coal  Statistics. 


1887.                    1 

1888. 

Value  at 

Value  at 

Tons  of  2,000  lbs. 

Mines. 

Tons  of  2,000  lbs. 

Mines. 

Per  Ton. 

Per  Ton. 

s.      d. 

s.      d. 

Pennsylvania — 

Anthracite 

39,506,25") 

8     4i 

43,578,000 

8     H 

Bituminous  ... 

30,866,602 

3     9 

32,500,000 

3     6i 

Ohio         

10,301,708 

3    8 

11,950,000 

3     5i 

Illinois    ... 

10,278,890 

4    6 

11,855,188 

4     8 

West  Virginia    ... 

4,836,820 

3  Hi 

5,498,800 

4     7 

Iowa        

4,473,828 

5     6^ 

4,842,220 

5     5 

Marjiancl 

3,278,023 

3  ll| 

3,479,470 

3  11^ 

Indiana  

3,217,711 

5     7 

3,140,979 

5  10 

Missouri... 

3,209,916 

5     7 

3,909,967 

9     2i 

Kentuclvy           

1,933,185 

4  10 

2,570,000 

5     0 

Alabama 

1,950,000 

5     6i 

2,900.000 

4     9i 

Tennessee           

1,90(1,000 

5     64 

1,967,297 

4     7 

Colorado 

1,791,735 

9     2 

2,185,477 

9     6i 

Kansas 

1,596,879 

5  10 

1,850,000 

6     3 

Wyoming 

1,170,318 

12     6 

1,480,487 

13     6i 

Virginia 

825,000 

8  11 

1,073,000 

4     2' 

Washington 

772,612 

9     2 

1,215,750 

12     6 

Indian  Territory 

685,911 

7  10 

891,000 

8     U 

New  Mexico 

508,034 

12     6 

635,042 

13     6^ 

Georgia 

313,715 

6     3 

230,000 

6     3 

Utah        

180,021 

8     4 

205,000 

8     9 

Arkansas 

150,000 

7     0 

193,000 

6     3 

Texas      

75,000 

8     4 

90,000 

8     6A 

Michigan           

71,461 

6     3 

65,000 

6     8 

California 

50,000 

12     6 

85,000 

16    8 

Oregon    

31,696 

9     2 

50,000 

12     6 

Dakota 

21,470 

6     3 

25,000 

7     U 

Montana ... 

10,202 

14     7 

41,467 

15     7| 

Rhode  Island     

6,000 

11     3 

6,&00 

11     5^ 

Nebraska            

1,500 

8     4 

1,500 

9     ^ 

Idaho      

500 

16     8 

600 

18     9 

Totals           

124,015,255 

5  10 

138,515,744 

6    0^ 

Colliery  consumption 
Grand  total ... 

5,960,302 

— 

6,848,000 

— 

129,975,557 

— 

115,363,744 

— 

M.  W.  B. 

WAGES  OF  COAL-MINERS  IN  FRANCE. 

Les  Salaires  dcs  Ouvricrs  des  Mines  de  Houille  en  France,  dejnm,  1860.     Le  Genie 
Civil,  1890,  vol.  xvii.,  2>-  126. 

In  the  Valenciennes  coal-mining  district  wages  are  recorded  : — 


Per  Day. 
d. 

Per  Day. 

s.     d 

1775      ... 

7i 

1833 

1     4 

1784      ... 

10 

1837 

1     7 

1791      ... 

11 
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The  wages  for  the  coal-miners  of  France  are : — 


Per  Day. 
s.      d. 


1844 

1860-64 

1865-69 

1870-74 

1875-79 

1880-84 

1885-88 


7-9 
0-5 
3-2 
7-5 

10-0 
0-1 

11-8 


Per 

£ 

Annum 
s.     d. 

21 

16   10 

29 

3     6 

32 

2  10 

38 

0     4 

39 

14     4 

42 

14     4 

41  19  11 


The  relative  positions  of  owners  and  workmen  are  shown  in  the  following  table, 
which  comprises  the  statistics  of  all  the  coal-mines  of  France : — 


Years. 

Mean  Wages 

per  Annum 

during  each 

period. 

Mean  Value 
of  Coal  per 

Annum 

during  each 

period. 

Batio  of 
Wages 

to 
Value. 

■««•        T._  i!..  i     Mean  No. 
Mean  Profit     of  Workmen 
per  Annum        Employed 
during  each     per  Annum 
period.          during  each 
1        period. 

Mean  Profit 

per  Workman 

Employed 

per  Annum 

during  each 

period. 

1844 

1851-54 

1855-59 

1860-64 

186.5-69 

1870-74 

1875-79 

1880-84 

1885-89 

£ 
645,000 
944,000 
1,555,000 
2,013,000 
2,641,000 
3,606,000 
4,269,000 
4,650,000 
4,326,000 

£ 
]  .447.000 
2.220,000 
3,799.000 
4,528,000 
6.129,000 
8,729,000 
9.64.5,000 
9,981,000 
9,015,000 

44-6 
42-5 
40-9 
44-5 
43-2 
41-3 
44-3 
46-6 
47-9 

£ 

715,700 

887,300 
1.403,000 
1,561.000 
1,627,.500 
1,502,000 

68,988 

82.151 

94,005 

107,462 

108.869 

103,023 

£    8.     d. 

10     7     0 
10  16     0 
14  18     0 
14  10     0 
14  19     0 
14  11     0 

M.  W.  B. 


SAFETY-KEPS. 

Notice  sur  rAjJjMreil  de  Suretedit  '■^Evite  Taquets."  Ajnon.  Societedes  Ingenievrs 
sortis  de  VEcole  provinciale  d' Indndrie  et  des  Mines  du  Hainavt,  1892, 
series  3,  vol.  i^j^P-  153-154,  ^Zrt^e  IX. 

Note  sur  tine  Disposition  de  Taqncts  de  Surete.  Anon.  Ibid.,2W-  1 58-159, ^^/afe  XI. 

I. 

This  safety-kep  is  intended  to  avoid  their  sudden  insertion,  and  to  allow  the 
engineman  to  know  exactly  the  position  of  the  keps  by  the  indications  of  the  discs 
attached  to  it.  The  apparatus  appeai-s  to  be  very  simple,  and  can  be  attached  to 
any  keps  ordinarily  in  use.  An  electrical  indicator  and  bell  is  put  in  action  by  a 
horizontal  movement  of  one  of  the  levers,  and  a  pair  of  discs  indicate  whether  the 
keps  are  in  position  to  receive  the  cage  or  not,  the  action  being  that  the  horizontal 
motion  of  the  kep  lever  makes  contact  between  the  two  electrical  wires. 

II. 

For  the  purpose  of  catching  the  cage,  should  it  be  wound  up  to  the  pulleys,  and 
fail  to  be  suspended  by  the  ordinary  safety -link,  a  safety-kep  is  placed  above  the 
ones  ordinarily  employed  to  support  the  cage,  worked  by  means  of  a  counter- 
balanced lever  projecting  into  the  pit.  When  the  cage  is  drawn  towards  the 
pulleys  it  strikes  these  levers,  and  the  safety-keps  are  dropped  into  position.  If 
further  safety  is  required  the  lower  and  ordinary  keps  can  be  dropped  into  position 
by  means  of  the  same  lever.  M.  W.  B. 
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GEOTHERMOMETRIC  MEASUREMENTS  IN  THE  SCHLADEBACH  AND 
SENNEWITZ   BOREHOLES,   IN   PRUSSIA. 

Ueber  Messungen  der  Erd-  Temperature  in  den  Bohrlochern  zu  Schladebach  und 
Sennewitz.    By  —  Kobrich.    Zeitsclirift  fUr  das  Berg-,  Hiitten  und  Salinen- 
Wesen  im  Preussischen  Staate,  1889,  vol.  xxxvlL,  pj).  171-190,  thirteen  figures, 
and  one  plate. 
Observations   were    made   in    Schladebach    and    Sennewitz  boreholes  with  a 
motlification   of   the   Magnus  geothermometer.     This  is   a  thermometer  with  an 
open  tube,  which  is  filled  with  mercury  at  a  lower  temperature  than  that  to  be 
measured,  and  a  portion  of  the  mercury  overflows  when  lowered  into  the  tore- 
hole.     After  being  in  the  borehole  for  some  hours  the  thermometer  is  withdrawn 
and  placed  in  a  water  bath,  whose  temperature  is  gradually  raised,  and  carefully 
read  when  the  mercury  reaches  the  overflowing  point. 

The  following  contains  the  results  of  these  experiments,  and  at  other  bore- 
holes : — 


No. 

Name. 

Depth. 

Number  of 
Observations. 

Depth  per  Degree. 

K«aumur. 

Fahrenheit. 

1 
2 
3 
4 
5 

Schladebach    

Sennewitz 

Lieth     

Sudeuburg       

Sperenberg      

Feet. 
5,736-3 
3,646-5 
4,389-8 
1,9291 
4,176-6 

387 

96 

17 

19 

9 

Feet. 
151-22 
150-36 
143-83 
132-71 
131-23 

Feet. 
67-21 

66-82 
63-92 
58-98 
58-32 

M.  W.  B. 


EXPERIMENTS   UPON  THE   CAPELL  MINE  VENTILATOR. 

Mittkeilungen  Uber  Versuche  mit  einem  CajJell-Ventllator  avf  Schacht  Friedrich 
Joachim  der  Steinkohlenzeche  Konigin  Elisabeth  bei  Essen  an  der  Ruhr. 
By  R.  PiEREE.  Zeitschrift  fur  das  Berg-Hutten-vnd  Salinen  Wesen  im 
Freussischen  Staate,  1890,  vol.  xxxviii.,  pp.  248-252,  and  one i)late. 

The  Capell  mine  ventilator  at  the  Konigin  Elizabeth  colliery  consists  of  a  double 
fan,  built  upon  a  dividing  disc.  A  cylinder  parallel  to  the  axis,  and  fitted  with  six 
port  holes,  is  secured  by  angle  irons  to  the  central  disc.  Twelve  blades  are  attached 
to  the  cylinder,  six  of  which  are  placed  internally  on  one  side  of  the  ports  and  in 
the  inlet,  forming  the  "  inner"  fan,  and  six  are  placed  externally  on  the  other  side 
of  the  ports  forming  the  "  outer  "  fan.  The  fan  is  placed  in  a  spiral  expanding  case 
terminated  by  a  long  expanding  chimney.  The  upper  portion  of  the  case  is  iron 
and  the  lower  portion  is  formed  of  masonry. 

The  ventilator  has  the  following  dimensions  :— Diameter  of  the  fan,  8  feet  2-43 
inches;  width  of  the  fan,  5  feet  10-87  inches  ;  diameter  of  inlets,  4  feet  5-94  inches  ; 
number  of  blades  on  each  side  of  the  cylinder,  6  x  2  =  12;  number  of  port  holes 
in  cylinder,  6x2  =  12;  nett  area  of  the  inlets  after  deduction  for  the  bearing  and 
trestles,  ribs  and  axle,  =  2  x  14-94  =  29-88  square  feet ;  nett  area  of  the  openings 
in  cylinder,  =  12  x  (25-59  y  14-57)  =  31-07  square  feet ;  diameter  of  the  pulley, 
35-43  inches  ;  breadth  of  the  pulley,  14-17  inches.  The  proportion  of  the  nett  area' 
of  the  inlets  to  that  of  the  openings  in  the  cylinder  is  as  1  :  r04. 
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I'he  dimensions  of  the  steam  engine  are  : — Diameter  of  cylinder,  15"75  inches  ; 
stroke,  23*62  inches  ;  diameter  of  piston  rod,  front  end,  2-20  inches,  back  end,  1'97 
inches;  mean  area  of  piston,  19r40  square  inches ;  diameter  of  fly-wheel,  11  feet 
9'73  inches  ;  breadth  of  fly-wheel,  14*17  inches  ;  ratio  of  transmission,  1:4;  width 
of  belt,  12-60  inches. 

The  engine  is  not  provided  with  a  governor,  and  is  worked  by  a  Rider  link 
motion  regulated  by  hand. 

The  revolutions  of  the  engine  and  of  the  ventilator  were  counted  by  means  of 
an  engine  counter.  It  appears  from  the  experiments,  as  shown  in  the  table,  that 
there  was  some  slipping  of  the  belt  upon  the  pulleys,  especially  at  high  speeds, 
however  this  might  be  removed  if  the  belt  were  tightened. 

The  velocity  of  the  air  was  measured  with  an  anemometer  in  the  ordinary  way, 
and  the  water-gauge  was  placed  as  near  as  possible  to  where  the  air  was  measured. 

Several  diagrams  were  taken  during  each  experiment  on  both  sides  of  the  piston. 

The  following  table  contains  the  results  of  the  four  experiments  and  calcu- 
lations : — 


I. 

n. 

in. 

IV. 

1.  Condition  of  the  mine 

ordinary 

a  little 
enlarged 

ordinary 

ordinary 

2.  Barometer,  inches  of  mercury 

29-60 

29-60 

29-53 

29-58 

3.  Atmosphere,     temperature 

Fahr 

41= 

41° 

50-3° 

50-3° 

4.  In  drift,  temperature  Fahr. 

56-7° 

56-7° 

58-5° 

58-5° 

5.  Steam   pressure,  pounds   per 

square  inch 

60-3 

60-3 

51-4 

51-4 

6.  Mean  pressure  on  piston,  in 

pounds  per  square  inch     ... 

23-34 

31-46 

25-49 

27-08 

7.  Revolutions    of    engine,    per 

minute          

72 

92 

78 

96 

8.  Revolutions  of  fan  per  minute 

274-5 

333 

294 

340 

9.  Area  of   place  of  measuring 

air,  in  square  feet   ... 

3(5-71 

36-71 

36-71 

86-71 

10.  Depression  in  inches  of  water 

3-15 

4-41 

3-66 

417 

11.  Velocity    of    air,    feet     per 

minute          

1,175 

1,727 

1,288 

1,417 

12.  Volume  of  air,  in  cubic  feet 

per  minute  ... 

43,134 

63,398 

47,282 

52,018 

13.  Useful   effect  in  the  air,  in 

horse-power 

21-41 

44-06 

27-27 

34^18 

14.  Power  of   engine,   in   horse- 

power             

38-37 

66-09 

45-39 

5925 

15.  Eificiency       

-56 

•66 

•59 

•57 

The  following  results  are  obtained  by  calculation  for  a  normal  speed  of  6,000  feet 
or  232-83  revolutions  per  minute,  the  theoretical  water-gauge  at  such  speed  being 
4-473  inches  : — 

Volume  of  air,  in  cubic  feet,  per  minute     ... 

Water-gauge  observed,  in  inches       

Ratio  of  observed  and  theoretical  water-gauge 
Efficiency  

M.  W.  B. 


I. 

n. 

UI. 

IV. 

36,590 

44,330 

37,450 

35,630 

2-266 

2-156 

2-295 

1-956 

•50 

•48 

-51 

-43 

•56 

•66 

•59 

•57 
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ANNUAL  REPORT  OF  THE  COUNCIL. 
The  following  table  exhibits  the  numbers  of  members  during  recent 
years : 


— 

Av 

igust  1st. 

1889. 

1890. 

1891. 

1S92 

HonoriuT  Mem  burs 

26 

25 

21 

21 

Members 

569 

556 

535 

545 

Associate  Members 

28 

27 

29 

35 

Associates 

3 

25 

28 

34 

Students    

43 

85 

36 

35 

Subscribing  Collieries    ... 

18 

18 

IS 

18 

Totals 687  686  670  691 

The  library  of  the  Institute  has  been  maintained  in  an  efficient  state. 

Mr.  John  Allan,  who  was  awarded  a  jirize  for  his  interesting  paper  on 
"  The  Pyrites  Deposits  of  the  Province  of  Huelva,"  elected  to  return  the 
value  into  the  Library  Fund,  and  Davis's  Practical  Treatise  on  Brick- 
makiiKj,  Robinson's  Gas  ajid  Petroleum  Engine,  Andre's  Rock  Blastiny, 
and  Brough's  Mine  Sun'eyiwj^  were  purchased  with  the  money  so  given. 

The  additions  to  the  library  by  donations,  exchanges,  and  purchase, 
have  been : — 

Bound  volumes        ...         ...         ...         ...         ...       239 

Pamphlets,  Reports,  etc.    ...         ...         ...         ...       213 

A  total  of       452  titles. 

And  there  are  now  at  least  G,LS5  volumes  and  i)80  unbound  pamphlets  in 
the  library. 

There  has  been  some  trouble  in  procuring  the  return  of  books,  etc., 
loaned  to  members,  and  some  of  the  files  seem  to  be  permanently  injured 
by  the  neglect  of  members  to  return  nmnbers  borrowed ;  but  it  is  hoped 
that  the  members  will  supply  the  missing  volumes,  etc.,  to  the  library. 
In  view  of  this  growing  danger,  the  Council  have  decided  that  the 
unbound  transactions  of  societies  and  journals  shall  not  be  allowed  to 
circulate. 

The  library  of  the  Institute  is  now  very  valuable,  containing  many 
books,  pamphlets,  and  maps  which  it  wotdd  be  difficult  to  replace.  It 
has  been  largely  formed  by  gifts  from  its  members  and  exchanges  with 
other  societies,  and  the  Council  suggest  that  the  members  can  increase  its 
value  by  presentations  of  works,  etc.,  which  they  can  spare  from  their 
own  libraries. 
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The  members  could  also  do  a  considerable  service  to  the  profession 
by  leaving  their  books,  reports,  plans,  etc.,  to  the  library  of  the  Insti- 
tute, where  they  would  be  preserved,  be  available  for  reference,  and  keep 
the  memory  of  the  donor  in  lasting  remembrance. 

The  report  of  the  Committee  on  mechanical  ventilators  has  not  been 
completed;  the  results  of  the  experiments  are  being  reduced  for  the 
purposes  of  the  report,  which  it  is  desired  to  issue  during  the  current  year. 

The  Committee  on  flameless  explosives  have  completed  the  erection 
of  their  appliances,  and  regret  that  unavoidable  circumstances  prevented 
their  experiments  being  commenced  in  February  last.  They,  however, 
expect  to  begin  their  experiments  forthwith. 

The  fifth  volume  of  the  Borings  and  Sinkings  is  approaching  com- 
pletion, and  the  Council  trust  that  the  concluding  volumes  will  be  issued 
shortly. 

The  Institute  has  again  been  placed  on  the  list  of  corresponding 
societies  of  the  British  Association,  and  Prof.  J.  H.  Merivale  has  been 
appointed  to  act  as  the  delegate  at  the  ensuing  meetmg  at  Edinburgh. 

The  papers  communicated  to  the  members  have  been : — 

"  Note  on  the  Gases  Enclosed  in  Coal  and  Coal-dust."     By  Dr.  P.  Phillips 

Bedson  and  Mr.  W.  McConnell. 
"  The  Practical  Transmission  of  Power  by  Means  of  Electricity,  and  its 

Application  to  Mining  Operations."     By  Mr.  D.  Selby  Bigge. 
"  On  Lightning  in  New  Zealand  Mines."     By  Mr.  G.  J.  Binns. 
"  The  Kouig  Differential  Water-gauge."     By  Mr.  M.  Walton  Brown. 
"  The  Lee  Alarm  Water-gauge."     By  Mr.  M.  Walton  Brown. 
"  The  Bateau  Ventilator."     By  Mr.  M.  Walton  Brown. 
'  The  Roberts  Shot-firing  Lamp."     By  Mr.  M.  Walton  Brown. 
"  Memoir  of  Theophilus  Wood  Bunning."     By  Mr.  C.  Z.  Bunning. 
'•  A  Safety  Appliance  for  Preventing  Risk  of  Explosions  in  Mines,  conse- 
quent on  Injury  to  Cables  Conveying  Electric  Currents."     By  Mr.  R. 

J.  Charleton. 
"  Experiments  with  Explosives."     By  Mr.  L.  W.  Chicken. 
"  On  a  Duplex  AiTangement  of  Centrifugal  Ventilating  Machines."     By 

Mr.  W.  Cochrane. 
"  Notes  upon  the  Mines  in  the  Argentine  Republic,  South  America."     By 

Mr.  H.  D.  Hoskold. 
"  The  Iron  Ores  of  Spain."     By  Mr.  J.  D.  Kendall. 
"  The  Witwatersrand  Gold-field."     By  Mr.  John  M.  Liddell. 
"  Memoir  of  John  Marley."     By  Mr.  J.  W.  Marley. 
"  Geology  of  the  Coal-field  of  Northumberland  and  Durham."     By  Mr.  C. 

J.  Murton. 
"  The  Detonation  of  High  Explosives  by  Percussion."    By  Mr.  W.  J.  Orsman. 
"  Notes  on   the  Products  and  Temperature   of   Detonation  of  some   High 

Explosives."     By  Mr.  W.  J.  Orsman. 
"  Notes  Jon  an  Electric  Transmission  Plant  at  East  Howie  Colliery."     By 

Mr.  Henry  Palmer. 
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•'  The  Hi^matite  Ores  of  Cumberland."     By  Mr.  J.  Leslie  Shaw. 

"An  Enquiry  into  the  Cause  of  the  Two  Seaham  Explosions,  1871  and  1880, 

and  the  Pochin  Explosion,  1884."     By  Mr.  T.  H.  M.  Stratton. 
"  The  Tees  Salt  Industry."     By  Mr.  T.  W,  Stuart. 
"  Description  of  a  Method  of  Eemoving  Deposits  from  the  Inside  of  Rising 

Main  Pipes  in  Shafts."     By  Mr.  R.  T.  Swallow. 

The  members  of  the  Institute  have  had  the  pleasure  of  entertaining 
the  members  of  the  Soci^te  des  Ing^nieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  du  Hainaut.  The  satisfaction  expressed  by  the 
visitors  and  members  proves  that  the  Excursion  Meetings  of  June  30th, 
July  1st  and  2nd,  have  been  an  unqualified  success.  The  best  thanks  of 
the  Institute  are  due  to  the  Committee  who  made  the  arrangements,  and 
to  the  gentlemen  who  contributed  so  liberally  towards  the  expenses  incurred 
in  receiving  the  visitors.  The  Council  also  direct  the  attention  of  the 
members  to  the  great  courtesy  shown  by  the  President,  the  Mayor  and 
Sheriff  of  Newcastle-upon-Tyne,  the  Belgian  Consul,  the  Professors  of 
the  Dm-ham  College  of  Science,  the  Natural  History  Society,  the  Tyne 
Improvement  Commission,  the  River  Wear  Commission,  the  North-Eastem 
Railway  Company,  the  Earl  of  Durham,  the  Ashingtou  Coal  Co.,  Messrs. 
Bell  Brothers,  Ld.,  Messrs.  Black,  Hawthorn,  &  Co.,  Messrs.  Bolckow, 
Yaughan,  &  Co.,  Ld.,  the  Cowpen  Coal  Co.,  Ld.,  Messrs.  Haggle  Brothers, 
the  Harton  Coal  Co.,  Ld.,  Palmer's  Shipbuilding  &  Iron  Co.,  Ld.,  Messrs. 
Ernest  Scott  &  Mountain,  Ld.,  and  the  United  Alkali  Company,  Ld.,  and 
have  great  pleasure  in  recording  the  thanks  of  the  Institute  to  all  who 
by  their  assistance  and  service  contributed  so  largely  to  the  success  of  the 
meetings. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed  its 
third  year,  during  which  it  has  held  general  meetings  at  Birmingham,  on 
September  22nd,  23rd,  and  24rth,  1891  ;  Manchester,  on  February  16th, 
17th,  and  18th,  18!)2;  and  London,  on  June  2nd,  3rd,  and  4th,  1802. 
These  meetings  have  been  well  attended,  and  the  character  of  the  papers 
communicated  show  that  the  desires  of  the  founders  have  been  fulfilled. 
During  the  year  the  North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers  has  joined  the  Federation,  and  it  is  hoped  that  the 
remaining  institutes  will  become  federated  at  early  dates. 

While  congratulating  the  members  upon  the  improving  position  of  the 
Institute,  the  Council  would  especially  ask  them,  at  all  times,  to  promote 
its  claims  and  advantages. 
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LIST  OF  TRANSACTIONS  AND  JOURNALS  OF  SOCIETIES,  Etc., 

IN  THE  LIBRARY. 

Acaileinie  Royale  des  Sciences,  des  Lettres  et  des  Beaux-Arts  de  Belgique,   Brussels. 

Aununire,  complete  from  1SS2.     I'uUetin,  complete  from  vol.  iii. 
American  Academy  of  Arts  and  Sciences,  Boston.     Memoirs,  complete  to  vol.  xi.     Pro- 

cecilings,  complete. 
American  Institute  of  Mining  Engineers,  New  York  City.     Transactions,  complete. 
American  Meteorological  Society,  New  York  City.     Proceedings,  vol.  i. 
American  Society  of  Civil  Engineers,  New  York.   Proceedings,  complete,  except  vol.  xv., 

September  and  October,  18S9;  and  vol.  xvi.,  August,  1890.    Transactio)iS,  complete. 
American  Society  of  Mechanical  Engineers,  New  York  City.     Transactions,  complete. 
Annalen  der  Physik  und  Chemie,  Leipzig.     Complete  from  vol,  x\'iii.  to  xxxv.,  except 

vol.  xxxiv. ,  parts  3  and  5. 
Aimales  des  Mines,  Paris.     Me'iuoires,  complete  except  series  2,  3,  and  4.    Lois,  Decrets, 

etc.,  complete  from  series  7,  vol.  vi. 
Annales  des  Ponts  et  Chaussees,  Paris.     Memoires  et  Documents,  complete  from  series 

G.     Lois,  Decrets,  etc.,  complete  from  series  G.    Personnel,  comijlete  from  1881. 
Aniialos  des  Travaux  Publics  de  Belgique,  Brussels.    Complete,  except  vols.  vii.  and  viii. 
Australasian  Association  for  the  Advancement  of  Science,  Christchurcb,  New  Zealand. 

Reports,  vol.  iii. 
Association  des  Inge'nieurs  sortis  de  I'Ecole  de  Liege,  Liege.     Annuaire,  complete  except 

series  y,  tome  i.,  No.  1,  tome  ii.,  title  page,  tome  iii.       Bulletin,  complete. 
Atti  della  Socielti  Toscaua  di   Scienze    Naturali,   Pisa.     Memorie,  complete.     Processi 

Verbali   complete,  except  vol.  6,  pages  35-104. 
Barrow  Naturalists'  Field  Club.     Barrow.     Vols,  i.,  ii.,  and  iii. 

Berg-,   und   Hiietteumiinnisches  Jalubucli  der.     Bergakademien  zu   Leoben  und   Pri- 
bram imd  der  Koniglich  ungarisclien  Bergakademie  zu  Scliemnitz,  Vienna.     Com- 
plete from  vol.  xxxi. 
Berg-,  und  Hiiettenmaennische  Zeitung,  Leipzig.     Complete  from  vol.  xlii. ,  except  vol. 

Ii.,  Nos.  G  and  14,  1892. 
Birmingham  I'liilosophical  Society,  Birmingham.     Proceedings,  complete  from  vol.  viL, 

part  2. 
Board  of  Trade  Journal,  London.     Complete. 
Boiler  Insurance  and  Steam  Power  Company,   Limited,   Manchestei.     Cliief  Engineer's 

Reports,  complete  from  1S63  to  1878. 
British  Association  for  the  Advancement  of  Science.     Complete  from  1831-32. 
Br  tisli  Society  of  Mining  Students,    Newcastle-upon-Tyne.     Complete,  except  yearly 

volumes  for  18G7,  1869,  1870,  1872,  and  1874-1883. 
Canadian  Institute,  Toronto.     Annual  Reports,  complete  from  1887.     Journal,  complete 

from  vol.  viii.,  except  part  2. 
Canadian  Mining  Review,  Ottawa.     Waut  all  except  vol.  ix.,  Nos.  4  and  o,  and  vol,  x., 

Nos.  5  and  G. 
Canadian  Society  of  Civil  Engir.eers,  vol.  i.,  1887. 

Chamber  of  Commerce  Journal,  London.     Complete,  except  vol.  viii.,  Jlay  and  Septem- 
ber to  December,  and  vol.  viii.,  title  page,  and  index. 
Chesterfield  and  Midland  Counties  Institution  of  Engineers,  Chesterfield.     Complete, 
Cincinnati  Quarterly  Journal  of  Science,  Cincinnati.     Vols.  i.  and  ii. 
Cleveland  Institution  of  Engineers,  Middlesbro'.     Proceedings,  complete,  except  years 

1883-4,  part  1;   1884-5,  parts  5,  6,  7,  8,  and  9  ;  188.5-6,  part  7;   1886-7,  part  4  ; 

18S8-9,  title  page  and  index  ;   1890-91,  title  imge  and  index. 
Colliery  Engineer,  Scrantou.     Complete,  except  vols.  viii.  and  ix. 
Colliery  Guardian,  London.     Complete  from  vol.  ii. 
Colliery  Manager,  London.     Complete,  except  Nos.  20,  22,  23,  and  24. 
Colonial  Museum  and  Geological  Survey  of  New  Zealand,  "Wellington.     Complete,  except 

Manual  of  the  New  Zealand  Coleoptera,  by  T.  Brown,  parts  1  and  '2  ;  Meteorological 

Reports  for  1884,  1886,   1887,  1888,  1889,  1890,   and   1891;  Studies  in  Biology  for 

New  Zealand  Students,   1887,   parts   1  and  2;   Palaentology  of  New  Zealand  for 

188},  parts  1,  2,  and  3,  and  all  afte   4. 
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Connecticut  Academj'  of  Arts  and  Science,  New  Haven.     Transactions,  complete. 
Contract  Journal  and  Specification  Record,  London.     Complete  from  vol.  v. 
Dinglers  Polytechnisclies  .Journal,  Stuttgart.     Complete  from  vol.  xxiv. 
Durham  University  Calendar,  Durham.     Conr.j)lete,  from  1873,  except  for  years  1876, 

1881,  1888,  and  1891. 
Electricity  and  Electric  Engineering,  Lonrlon.     Complete,  except  vol.  i. ;  vol.  ii.,  parts 

1  to  9,  11,  17,  20,  and  21 ;   vol.  iii.,  parts  2  3,  8,  19  22  and  26  ;  and  vol.  iv.,  parts, 

1,  2,  3,  5,  and  6. 
Engineer,  London.     Complete,  except  vols,  xxvii.  to  xxxii. 
Engineering,  London.     Complete,  except  vols.  vii.  to  xii. 

Engineering  Association  of  New  South  Wales,  Sydney.     Minutes  of  Proceedings,  com- 
plete. 
Engineering  and  Mining  Journal,  Ne^v  York.     Complete,  from  vol.  xx. 
Engineers'  Club  of  Philadelphia,  Philadelphia.     Proceedings,  complete,  except  vol.  vii., 

part  5  ;  and  vol.  iii.,  part  2. 
Foreign  Office  Reports,  London.     Complete. 
Franklin  Institute,  Philadelphia.     Journal,  complete  from  vol.  Iv.,  except  vol.  cxviii., 

part  6. 
Gas  Institute,  London.     Transactions,  complete  to  1889. 
Geological  and  Natural  History  Survey  of  Canada.  Montreal.    Complete,  except  Mesozoio 

Fossils,  vol.  i.,  part  4  ;    and  Palasozic  Fossils,  all  after  vol.  ii,  part  1,  except  vol. 

iii.,  part  1. 
Geological  Survey  of  Australasia,  Melbourne.     Transactions,  complete. 
Geological  Society,  London.     Quarterley  Journal,  comjilete. 
Geological  Society  of  Austialasia.     Transactions,  complete. 
Geological  Survey  of  India,   Calcutta.     Memoirs,  complete,   except  vol.  i.,  all  except 

part  3;  vol.  ii.;  vol.  iii ,  all  except  part  2.     Records,  complete. 
Geological  Survey  of  New  South  Wales,  Department  of  Mine,  Sydney.     Records,  com- 
plete. 
Geological  Survey  of  Pennsylvania,  Harrisburg.     Complete. 
Geological  Survey  of  the  United  States,  Washington.     Annual  Reports,  complete  from 

vol.  iii.     Bulletin,  complete,  except  title  page  and  indexes  for  all  volumes  after 

vol.  viii. 
Geological  Survey  of  Victoria,  Melbourne.     Complete,  except  publications  after  report 

of  progress  for  1883. 
Geologiska  Foreningens,  Stockholm.     Forhandlingar,  complete. 
Geologists'  Association,  London.     Proceedinj^s,  complete. 

Gluckauf,  Essen.     Complete,  except  vols.  i.  to  xviii.  ;  vol.  xxvii.,  Nos.  .52  and  53. 
Hull  and  District  Institution  of  Engineers  and   Naval  Architects,  Hull.     Complete, 

vol.  i.,  ii.,  .Tnd  iii. 
Indian  Engineering,  Calcutta.     Complete. 

Institution  of  Engineers  and  Shipbvi'lders  in  Scotland,  Glasgow.    Complete,  except  vol.  ii. 
Institution  of  Civil  Engineers,  London.     Minutes  of  Proceedings,  complete. 
Institution  of  Civil  Engineers  of  Ireland,  Dublin.     Tiansactions,  complete  to  vol.  xx. 
Institution  of  Mechanical  Engineers,  London.     Proceedings,  complete  from  1847. 
Institution  of  Naval  Architect^,   London.      Transactions,    complete   from  beginning, 
Iron,  London.     Complete. 

Iron  and  Coal  Trades  Review,  London.     Complete  from  vol.  iii. 
Iron  and  Steel  Institute,  London.     Journal,  complete,  except  vol.  i.,  1885. 
Jahrbuch  der  Koniglich  Preussischen  Geologischen  Landesanstalt  und  Berg  AJcaJemie 

zu  Berlin,  Berlin. 
Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost-Indie,  Amsterdam.     Complete. 
Jahrbuch  f  i\r  das  Berg-,  und  Hiittenwesen  im  Konigreiche  Sachsen,  Frieberg.      Complete, 

except  1878. 
Kaiserliclien  Akademie  der  Wissenschaften,  Vienna.     Sitzungberichte,  complete  from 

vol.  xlix.,  except  Mathematik,    Physik,    Chemie,    etc.,  vols.    Ix.    to  Ixviii ;     and 

Mineralogie,  Botanik  Zoologie,  etc.,  vols.  Ixiii.  to  Ixviii. 
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Koniglich  Bayerischen  Akademie  der  Wissenschaften  Milnchen,  Miiuclien.  Abhand- 
lungen  der  Mathamatisch  Physikalischen  Classe,  vols.  vi.  and  vii.,  vol.  xvi.,  all 
except  parts  1  and  3,  vol.  x^'ii.,  all  except  parts  1  and  2.  Sitzungsberichte,  com- 
plete. 

Kaiserlich-Koniglichen  Gelogischen  Reichsanstalt,  Vienna.  Jalirbuch,  complete,  except 
vols.  ii.  to  xii.  and  xx.  to  xxiv.,  vol.  xxxvi.,  all  after  part  3,  vol.  xxxvii.,  all  after 
part  2,  and  all  volumes  after  vol.  xxxvi.  Verhandlmigen,  complete  except  1885, 
No.  9  ;  1886,  Nos.  13  to  18  1887,  No.  1,  and  all  after  No.  14,  1888. 

Kaiserlichen  Leopoldinisch-Carolinisclien,  Deutschen  Akademie  der  Naturforseher, 
Halle.     Complete  from  vol.  xxxvi. 

Koniiiklijk  Instituut  van  Ingenieurs,  Gravenhage.  Complete,  except  Notulen  der 
Vergaderung  1887  and  1888,  pages  100  to  128. 

Kon.  Ungarischen  Geologischen  Anstalt,  Budapest.  Jahrsbericbte,  from  1882, 
Mittheilungen,  complete. 

L'fndustria,  Milano.  Complete,  except  vol.  iv.,  title  page  and  index  ;  vol.  v.,  title  page 
and  index  ;  vol.  vi.,  all  after  No.  7. 

Le  Genie  Civil,  Paiis.     Complete. 

Liver^jool  Engineering  Society,  Liverpool.     Complete,  vol.  xi. 

Liverjiool  Geological  Association  Journal,  Liverpool.     Proceedings,  complete. 

Liverpool  Geological  Society,  Liverpool.     Complete,  except  vols,  iv.,  vii.,  and  x. 

L'L'nion  des  Charbonnages,  Mines  et  Usines  Me'tallurgiques  de  la  Province  de  Liege. 
Complete,  except  1887,  Nos.  3  and  4. 

Machinery  Market  and  Exporter,  Loudon.     Nos.  152,  i.54,  and  156  to  104. 

Magyarhoni  Fiildtani  Tarsulat,  Budapest.     Foldtani  Kozlaony,  complete. 

Manchester  Association  of  Engineers,  ^lanchester.  Transactions,  complete  from  1888, 
except  1889,  annual  report  and  last  part. 

Manchester  Geographical  Society,  Manchester.     Journal,  complete  from  vol.  vi. 

Manchester  Geological  Society,  Manchester.  Transactions,  complete  except  vol.  xx., 
parts  5,  (i,  and  7. 

Manchester  Literary  and  Philosophical  Society,  Manchester.  Memoirs,  complete  except 
all  volumes  in  first  series  ;  Proceedings,  comjilete. 

Master  Car-Builders'  Association,  Chicago.     Proceedings,  complete  from  1882. 

^Mechanical  Progress,  Broadheath.     Complete  from  vol.  iii. 

Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers,  Bainsley.  Transactions, 
complete. 

Mineralogical  Society  of  Great  Britain  and  Ireland,  London.     Journal,  complete. 

Mineral  Statistics  of  the  United  Kingdom,  London.     Complete. 

Mines— List  of  Abandoned  Mines,  London.     Complete. 

Mines — List  of  Mines  Worked,  London.     Complete. 

Mining  Association  and  Institute  of  Cornwall,  Camborne.     Complete  to  vol.  ii.,  part  2. 

Mining  Institute  of  Scotland,  Hamilton.     Transactions,  complete. 

Mining  Journal,  London.     Complete  from  vols,  vii.,  except  vols.  xxis.  to  xliv. 

Mechanics  Institute,  Industrial  Exhibitions,  want  reports  1  to  17,  19,  20,  22,24,25, 
and  26. 

Natural  History  Society  of  Northumberland  and  Durham,  Newcastle-upon-Tyne. 
Complete,  except  vol.  viii.,  pait  3  ;  vol.  X.;  and  vol.  xi.,  part  1. 

Natmforschende  Gesellschaft  zu  Freiburg  im  Breisgau,  Frieburg.  Transactions,  com- 
plete. 

Newcastle-upon-Tyne  Union,  Ncwcastle-on-Tyne.  Statement  of  Accounts.  Complete, 
except  for  tlie  years  ending  .March  25,  1890,  March  25,  1891,  and  March  25,  1892. 

New  South  Wales,  Annual  Eeport  of  the  Department  of  Mines.  Complete,  except 
1881,  1882,  1883,  1884,  1885,  and  1890. 

New  York  Academy  of  Sciences,  New  York.  Complete,  except  Transactions,  vol.  iii.; 
vol.  ix.,  all  after  part  8 ;  vol.  x.,  part  1  and  all  after  part  6.  Annals,  vol.  iii.,  last 
part ;  vol,  iv.,  part  9  ;  vol.  v.,  aU  after  part  viii. 

New  Zealand  Institute,  Wellington.  Transactions  and  Proceedings,  complete,  except 
vol.  ii.  (186y),  vol.  iii.  (1870),  vol  iv.  (1871). 


ANNUAL   REPORT    OF   THE   COUNCIL.  9 

New  Zealand  Mines  Department,  AVellington.     Reports,  complete. 

Norsk  Teknisk  Tidsskrift  udgivet  af  den  Norske  Ingenior-og  Arkitekt-forening  og  den 

Polytekniske  forening,  Kristiania.     Conaplete  from  vol.  iii,  except  vol.  viii.,  part  6  ; 

and  vol.  ix.,  j)art  1,  2,  and  3. 
North-East   Coast   Institution   of  Engineers   and  Shipbuilders,   Newcastle  upon-Tyne. 

Complete. 
North  Staffordshire  Institute  of  Mining  and  Mechanical  Engineers,  Newcastle-under- 

Lyme.     Transactions,  complete. 
Nova  Scotia  Department  of  Mines,  Halifax.     Reports,  complete,  except  for  years  1886, 

1887,  1890,  and  189 1. 
Neues  Jahrbruch  fiir  Miueralogie,  Geologic,  and  Paloajntologie,  Stuttgart.     Complete, 

except  Supplement,  part  1 ;  Mineralogie,  Geologie,  und  PaloiBntologie,  1880,  part  1 

and  all  after  3. 
Oberhessischen   Gesselschaft  fiir  Natur-und  Heilkunde,   G  lessen.       Complete,    except 

vol.  iii.     Supplement,  complete,  except  vob.  i.  to  vi.,  and  all  after  xii. 
Oesterreichisclie  Zeitschrift  fiir  Berg-uud  Hiittenwesen,  Vienna.     Complete  from  vol. 

xxxi. ,  except  vol.  xxxix. ,  No.  49. 
Official  Year  Book  of  Scientific  and  Learned  Societies,  London.     Complete  from  1884. 
Ohio  Jlechanics'  Institute,  Cincinnati.     Scientific  Proceedings,  complete  to  vol.  ii.,  part 

3  (September,  1883). 
Patents,  Illustrated  Official  Journal,  London. 

Patents  and  Patentees  of  Victoria,  Melliourne.     Indexes,  complete. 
Philosophical  Society  of  Glasgow,  Glasgow.     Coniplete. 
Practical  Engineer,  London.     Complete. 
Real  Comitato  Geologico  d'   Italia,   Roma.     Bollettino.  complete,  except  vols.  iii.  and 

iv. ,  and  vol.  xx. ,  parts  9  and  10. 
Reports  to  the  Secretary  of  the  Board  of  Trade  upon  the  Working  of  the  Boiler  Explo- 
sions Act,  1882  and  1890. 
Reports  of  H.M.  Inspectors  of  Mines. 
Revista  Minera,  Metaluigica,  y  de  Ingenieria,  Madrid.      Compleie  from  vol.    xxxiv., 

except  vol.  xlii..  No.  1,341,  and  vol.  xliii..  No.  1,397. 
Revue  de  la  Legislation  des  Mines  en  France  ai.d  en  Belgique,  Paris.     Complete  from 

1884. 
Revue  Ilniverselle  des  Inventions  Nouvelles,    Paris.     Complete  from   vol.   v.,  except 

edition  A,  vol.  v.,  Nos.  1,  2,  and  3  ;  edition  B,  vol.  v.,  No.  1. 
Revue  Universelle  des  Mines  de  la  Me'tallurgie,  &c.,  Li^ge.      Complete,  except  series  1, 

vol.  xiv.  (1863) ;  series  2,  vol.  xix.,  parts  1  and  2  ;  series  3,  vols,  vi.,  x.,  and  xi. 
Royal  Cornwall  Polytechnic  Society,  Falmouth.     Complete. 
Royal  Dublin  Society,  Dublin.     Proceedings,  complete  except  vol.  iv.,  all  after  part  7  ; 

vol.  v.,  parts  1  and  2 ;  vol.  vii.,  .all  except  parts  1  and  2.      Transactions,  comiilete  to 

vol.  iv.,  except  vol.  iii.,  series  2,  No.  8  ;  vol.  iv.,  new  series,  all  after  No.  8. 
Royal  Geological  Society  of  Cornwall,  Penzance.     Transactions,  complete  to  vol.  xi., 

excejit  part  3,  and  all  after  part  5. 
Royal  Institution  of  Great  Britain,  London.     Proceedings,  complete. 
Royal  Institute  of  British  Architects,  London.     Transactions,  complete  except  vol.  i., 

part  1,  1857  to  1862,  1867  to  1870,  and  1873  to  1876.     Proceedings,  com^  letc  from 

1881. 
Royal  Institution  of  Cornwall,  Truro.     .Journal,  complete  from  vol  ii. 
Royal  Scottish  Society  of  Arts,  Edinburgh.    Transactions,  complete  from  vols,  ix.-xii. 
Royal  Society   of    Edinburgh,    Edinburgh.      Proceedings,    comxdete   from   vol.    ii.    to 

vol.  xvii. 
Royal  Society  of  Canada,  Montreal.     Proceedings  and  Transactions,  complete. 
Royal  Society,  London.     Proceedings,  complete,  except  vol.  xlvi.,  No.  283. 
Royal  Society  of  New  South  Wales,  Sydney.     Journal  and  Proceedings,  complete  from 

vol.  vii. 
Royal  Society  of  Victoria,  Melbourne.     Proceedings,  coaaplete,  except  vols.  i.  and  vi. 

Transactions,  complete. 
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Eoyal  United  Service  Institution,  London.  Journal,  complete,  except  Nos.  4,  6,  27,  28, 
29,  62,  64,  65,  66,  70,  71,  74,  94,  95. 

Sanitary  Institute,  London.     Transactions,  complete. 

Seismological  Society  of  Japan,  Japan.     Transactions,  complete,  except  vol.  x. 

Scientific  News.     Vol.  i.  only. 

Smithsonian  Institution,  Washington,  U.S.  Annual  Report  of  the  Board  of  Regents, 
complete  from  1862. 

Soci^te'  des  Inge'nieurs  Ci\-ils,  Paris.  Me'moires,  complete  from  1849.  Com.ptes  Rendus, 
complete  from  1880,  except  188G,  pages  152-189 ;  pages  244-277  and  428-469,  1889  ; 
and  title  page  and  index  ;  1890,  pages  88-105  ;  1891,  pages  229-278. 

Socie'te'  des  Inge'nieurs  sortis  de  I'Ecole  Provinciale  d'Industrie  et  des  Mines  du  Hainaut, 
Liege.     Memoires,  complete  from  1850. 

Socie'te'  Ge'ologique  de  Belgique,  Liege.     Annals,  complete. 

Socie'te'  Geologique  de  France,  Paris.  Me'moires,  complete  from  series  8,  except  vol. 
iii,  series  3,  part  2;  vol.  v.,  series  3,  part  1.  Bulletin,  complete  from  beginning, 
except  series  2. 

Societc  Ge'ologique  du  Nord,  Lille.  Annals,  complete  from  vol.  vii.  to  xix.,  exce[it  vol. 
ix. 

Societe'  de  I'Industrie  Mine'rale,  Saint  Etenne.  Bulletin,  complete  from  vol.  8,  series 
2  ;  except  vol.  xv.,  series  2,  parts  3  and  4.  Comptes  Rendus,  complete  from  1879, 
except  1887,  September,  and  1890,  April.  Atlases,  complete  from  tome  6,  1879, 
series  2,  except  tome  vii.,  series  2,  1878  ;  tome  xi.,  series  2,  1886,  all  except  parts  1 
and  2  ;  tome  iii,  series  3,  1889  ;  all  except  parts  1,  2,  and  4  ;  tome  iv.,  series  3, 1890, 
all  except  parts  2,  3,  and  4 ;  tome  5,  series  3,  1891, 'all  except  parts  1,  2,  3,  and  4. 

Socie'te'  Industrielle  du  Nord  do  la  France,  Lille.  Bulletin,  complete  from  No.  30, 
except  Nos.  64,  74,  and  following  numbers. 

Socie'te'  Scientifique  Industrielle  de  Marseille,  Marseille.     Bulletin,  complete. 

Society  of  Chemical  Industry,  London.     Journal,  complete. 

Society  of  Engineers,  London.     Transactions,  complete  from  1861  to  1889. 

South  African  Mining  Journal  and  Financial  News,  Johannesburg.  Complete  from 
beginning,  except  vol.  i.,  Nos.  15  and  38. 

South  Staffordshire  and  East  "Worcestershire  Institute  of  Mining  Engineers,  Dudley. 
Transactions,  complete. 

South  Staffordshire  Institute  of  Iron  and  Steel  Works  JIanagers,  Brierlcy  Hill.  Com- 
plete from  vol.  ii. 

Soiith  Wales  Institute  of  Engineers,  Cardiff.     Transactions,  complete. 

Steamship,  Leith.     Complete. 

Stevens  Indicator,  New  Jersey.     Complete  from  vol.  v..  No.  3. 

Surveyors  Institution,  London.     Complete. 

Trade  and  Navigation  Accounts,  London. 

U.S.  Naval  Institute,  Annapolis.  Proceedings,  complete  from  vol.  viii.,  except  vol. 
xvM.,  title  page  and  contents. 

Vereins  Mittheilungen  Beilage  zur  Oesterreichischen  Zeitschrift  fiir  Berg-und  Hiitten- 
wesen,  Vienna.     Complete  from  1884,  except  1889,  Nos.  5  to  12. 

Victoria  Department  of  Mines,  Melbourne.  Reports,  complete,  except  quarter  ended 
31st  March,  18-^8,  and  all  aft  r  June,  1891. 

Victorian  Institute  of  Surveyors,  Jlelbourne.     Transactions  and  Proceedings,  complete 

from  vol.  ii. 
Wisconsin  Academy  of  Sciences,  Arts,  and  Letters.  Madison.      Transactions,  complete. 
Zeitschrift  des  Vereines  Deutscher  Ingenieure,  Berlin.     Complete  from  voL  xxvi. 
Zeitschrift  fiir  das  Berg-,  Hiitten-  uud  Salinen-Wesen  em  Preussischen  Staate,  Berlin. 
Complete,  except  vol.  xxxiv. .  part  4 ;  vol.  xxxviii. ,  part  1 ;  and  Atlas,  plates  19  to  2.5. 
Zeitschrift  fiir  Vermessungswesen  im  Auftrag  und  als  Organ  des  Deutschen  Geometer- 
vereins,  Stuttgart.     Complete  from  vol.  xii.,  except  vol.   xiv.,  parts  1  to  17,  and  all 
vols,  after  xiv. 
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FINANCE  REPORT. 

The  ordinary  income  for  the  year  1891-2  amounted  to  £1,727  15s. 
lOd.,  or  an  increase  of  £137  6s.  lOd.  over  the  ordinary  income  of  the 
preceding  year;  and,  with  the  sum  of  £500  received  from  investments 
realized,  the  total  income  for  the  year  was  £2,227  15s.  lOd. 

The  total  receipts  from  subscriptions  and  arrears  (excluding  sums  paid 
in  advance)  amounted  to  £1,385  12s,  Od.,  being  an  increase  over  the 
preceding  year  of  £101  16s,  Od. 

The  amount  of  subscriptions  in  an-ear  beyond  one  year  was  £218  8s.  Od. 
the  sum  of  £58  16s.  Od.  having  been  struck  off  during  the  year  as  irre- 
coverable. The  attention  of  the  Arrears  Committee  had  been  directed  to 
the  amount  of  arrears,  and  it  was  hojxjd  that  this  item  would  in  future 
be  considerably  reduced,  and  the  subscriptions  of  members  promptly  paid 
as  they  became  due. 

The  total  expenditure  amounted  to  £1,897  18s.  3d.,  or  a  decrease  on 
the  preceding  year  (when  the  payments  were  exceptionally  heavy)  of 
£334  lOs,  Od. 

The  exceptional  items  this  year  included  £216  15s,  4d.  expended  by 
the  Explosives  Committee  and  £116  18s.  5d.  for  cleaning  and  repairing 
the  Wood  Memorial  Hall,  etc. 

In  accordance  with  the  instructions  of  the  Council,  a  new  estimate 
has  been  made  of  the  value  of  the  stock  of  Transactions,  etc.,  in  hand, 
and  the  amount  shown  in  the  balance  sheet  is  a  considerable  reduction 
on  that  shown  in  previous  years. 
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ACCOUNTS. 


1)K. 


The  Treasfree  in  Account  with  the  North  of  England 

Foe  the  Yeae  ending 


To  Balance  at  Bankers 
„         ,,        in  hand      ...         

„  Dividend  of  3i  per  cent,  on  134  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Co.,  Ltd.,  for 
the  half  year  ending  December,  1891 

„  „       3|  for  half  year  ending  June,  1892 


Interest  on  Investments  with  the  River  Tyne  Commis- 
sioners   ... 


£ 
71  2 
84  12 


s.  d. 


93  16 

100  10 


194  6  0 


73  2  6 


d. 


155  14  11 


To  SrBSCEiPTiONS  FOE  1891-92  as  follows  : 

— 

^\ji 

409  Ordinary  Members 

(a  £2  2s. 

858  18 

0 

1  Life  Member             

25     0 

0 

21  Associate  Members 

@  £2  2s. 

44     2 

0 

26  Associates       

@£1  ] 

s. 

27     6 

0 

19  Students         

@  £1  Is. 

19  19 

0 

23  New  Members           

@  £2  2s. 

48    6 

0 

6     „     Associate  Members 

@  £2  2s. 

12  12 

0 

1     „     Life  Associate  Member 

25    0 

0 

7     „     Associates          

@  £1  Is. 

7    7 

0 

7     „     Students            

@£1  1 

Ls. 

7    7 

0 

To  Stjbsceibing  Collieries,  viz.  :— 

1,075  17 

0 

Ashington  Coal  Company 

£2 

2 

0 

Birtley  Iron  Company     

6 

6 

0 

Bridgewater  Trustees 

6 

6 

0 

Earl  of  Durham    ... 

10 

10 

0 

Haswell  Coal  Company 

... 

4 

4 

0 

Hetton  Coal  Company     

10 

10 

0 

Hutton  Henry  Coal  Company    ... 

2 

2 

0 

Marquess  of  Londonderry 

10 

10 

0 

North  Brancepeth  Coal  Company 

2 

2 

0 

Owners  of  North  Hetton  Colliery 

6 

6 

0 

Ryhope  Coal  Company     ... 

4 

4 

0 

Seghill  Coal  Company     ... 

2 

2 

0 

South  Hetton  and  Murton 

4 

4 

0 

Stella  Coal  Company        

2 

2 

0 

Tln-ocklcy  C(41iery  "         

2 

2 

0 

Victoria  (raresfield           

2 

2 

0 

Wearmouth  Colliery        

4 

4 

0 

81  18 

0 
0 

1,157  15 

Less — Subscriptions  for  current  year 

paid 

in  advance 

last  year             

14  14 

0 

1,143     1 

0 

To  Arrears 

242  11 

0 

1,385 
25 

19 

0 

„  Subscriptions  paid  in  advance  during  current 

yeai 

4 

0 

„  Sale  of  Publications,  per  Secretary 

43     0 

10 

„          „               „             per  A.  Reid,  Sons 

&"Co 

6  10 

6 

49 
500 

11 

4 

„  Investments  realized 

i 

0 

0 

;2,383 

10 

9 

I 


ACCOUNTS. 


13 


lySTITtTTE    OF    MiXING   AXD    MECHANICAL    ENGINEERS. 

JuLs:  31,  1892. 


Ca. 


July  23, 1892. 

By  Publishing  and  Stationery  Accounts,  viz.: — 
„  A.  Reid,  Sons  &  Co. 
„  Books  for  Library  ... 
,,  Abstracts  of  Foreign  Papers 
,,   Prizes  for  Papers    ... 
,,  Incidental  Expenses 
„  Sundry  Accounts     ... 
„  Travelling  Expenses 
„  Salaries 
„  Clerks'  Wages 
„  Reporter's  Salary    ... 

„  Rent 

„  Rates  and  Taxes 

.,  Insurance 

„  Furnishing,  etc. 

.,  Coals,  Gas,  and  Water 

,,  Postages 

„  Wood  Memorial  Hall 

„  General  Index 

„  Fan  Committee 

„  Explosives  Committee 

„  Warington  Smyth  Memorial  Fund 

By  Federated  Institution  of  Mining  Engineers 


By  Balance  at  Bank 
„  ,.       in  hand 


31  0 

6 

1  10 

0 

63  U 

0 

94  11 

9 

13  12 

6 

10  19 

10 

.   150  0 

0 

129  2 

8 

12  12 

0 

94  4 

8 

19  6 

8 

9  4 

11 

12  7 

5 

19  11 

3 

61  15 

4 

.   116  18 

5 

47  2 

2 

3  7 

9 

.   216  15 

4 

10  10 

0 

£       s.   d. 


256    3    1 


448  14 
63  18 


0     1 


230  13    1 
524     2    0 

1,897  18    3 


485  12    6 


Audited  and  found  correct. 

JOHN  G.  BENSON, 

Chaeteked  Accountant. 

Newcastle-upon-Tyne, 

August  6th,  1892. 


£2.383  10    9 
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ACCOUNTS. 


De. 


To  535  Members, 

24  of  whom  are  Life  Members. 

Life  Member  (1) 

511 

1  paid  as  Associate 


510 


510  (&  £2  2s. 


To    29  Associate  Members, 

4  of  whom  are  Life  Members, 
25  25  @  £2  2s. 


TuE  Theasckee  !>•  AccorNT 


£      s.   d.       £      s.    d. 

25    0    0 

110 

1,071    0    0 
1,097    1     0 


52  30    0 


To    28  Associates  @  £1  Is. 


29    8    0 


To     36  Students  (5)  £1  Is. 


37  16    0 


To    23  New  Members  @  £2  2s. 


48    6    0 


To      6  New  Associate  Members  @  £2  2s. 
1      „  „        Life  Member     ... 


To      7  New  Associates  @  £1  Is. 


12  12    0 
25    0    0 


37  12    0 

7    7    0 


To       7  New  Students    @  £1  Is. 


7     7     0 


To  Subscribing  Collieries 


To  Arrears,  as  per  Balance  Sheet  1890-91 
Less — Struck  off  as  Irrecoverable 


To  Arrears  considered  irrecoverable,  but  since  paid 
To  Subscriptions  Paid  in  Advance 


517  13     0 
58  16    0 


92     8  0 

1,409  15  0 

458  17  0 

2     2  0 

25     4  0 


£1,895  18    0 
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WITH    SUBSCEIPTIONS,   1891-92. 


Cr. 


By      1  Life  Member,  paid  

By      1  Member  paid  as  Associate 

By  409  Members,  paid     

By  101         „  unpaid  

510 

By   21  Associate  Members,  paid 
By     4         „  „         unpaid 

25 

By  25  Associates,  paid 

By     2         ,,  unpaid 

By      1         „  dead  ... 

28 

By    19  Students,  paid 

By    11         ,,         unpaid 

By      6        „  transferred  to  Members 

36 


PAID.  UNPAID. 

£      s.  d.        £      s.  d. 
23    0    0  


110 


@  £2  2s.         44     2     0 
(^£2  2s 


@  £1  Is.        26 
@  £1  Is. 
(»£lls. 


@  £1  Is. 
@  £1  Is. 
@  £1  Is, 


19  19    0 


£2  2s.       858  18     0  

£2  2s 212     2     0 


8     8    0 


2     2    0 
110 


11  11     0 
6     6     0 


By   17  Subscribing  Collieries,  paid 

1  „  Colliery,  unpaid     ... 

By   23  New  Members,  paid 

By     6  New  Associate  Members,  paid  ... 
By     1  ,,  Life  Member,  paid 


81  18    0 


£2  2s. 


(»  £2  2s. 


48    6    0 


12  12     0 
25     0    0 


10  10     0 


By     7  New  Associates,  paid 
By     7  New  Students,  paid 

By  Arrears,  paid 

„         „       unpaid 
By  Subscriptions  paid  in  advance 


£1  Is.  7    7    0 

£1  Is.  7    7    0 


1,157  15  0  252    0    0 

242  11  0  

218     8    0 

25     4  0  


£1,425  10    0      47U    8    0 
1,425  10    0 


£1,895  18    0 
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OFFICERS,     1892-93. 


PRESIDENT. 
J.  B.  SIMPSON,  Esq.,  Hedgefield  House,  BlaycIon-ixpon-Tyne. 

VICE-PRESIDENTS. 
W.  ARMSTRONG,  Esq.,  Pelaw  House,  Chester-le-Street. 
T.  W.  BENSON,  Esq.,  11,  Newgate  Street,  Newcastle-upon-Tyne. 
C.  BERKLEY,  Esq.,  Marley  Hill,  VVhickham,  R.S.O.,  Co.  Durham. 
T.  DOUGLAS,  Esq.,  The  Garth,  Darlington. 
W.  F.  HALL,  Esq.,  Haswell  Collieiy,  Haswell,  via  Sunderland. 
A.  L.  STEAVENSON,  Esq.,  Durham. 

COUNCIL. 
W.  ARMSTRONG,  -Jun.,  Esq.,  Wingate,  Co.  Durham. 
T.  FORSTER  BROWN,  Esq.,  Guildhall  Chambers,  Cardiff. 
T.  E.  FORSTER,  Esq.,  North  Jesmond,  Newcastle-upon-Tyne. 
J.  L.  HEDLEY,  Esq. ,  22,  Hawthorn  Terrace,  Newcastle-upon-Tyne. 
T.  HEPPELL,  Esq.,Leafield  House,  Chester-le-Street. 
H.  LAWRENCE,  Esq.,  Grange  Iron  Works,  Durham. 
Prof.  J.  H.  MERIVALE,  2,  Victoria  Villas,  Newcastle-upon-Tyne. 
H.  PALMER,  Esq. ,  East  Howie  Colliery,  near  Ferryhill. 
M.  W.  PARRINGTON,  Esq.,  Wearmouth  Colliery,  Sunderland. 
A.  M.  POTTER,  Esq.,  RidingMill-upon-Tyne. 

H.  RICHARDSON,  Esq.,  Back  worth  Colliery,  Newcastle-upon-Tyne. 
R.  ROBINSON,  E.sq.,  Howlish  Hall,  near  Bishop  Auckland. 
T.  0.  R0B80N,  Esq.,  Chowdene  Cottage,  Gateshead-upon-Tyne. 
T.  H.  M.  STRATTON,  Esq.,  Cramlington  House,  Northumberland. 
S.  TATE,  Esq. ,  Trimdon  Grange  Colliery,  Co.  Durham. 
J.  G.  WEEKS,  Esq.,  Bedlmgton,  R  S.O.,  Northumberland. 
W.  H.  W^OOD,  Esq.,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham. 
W.  0.  WOOD,  Esq.,  South  Hetton,  Sunderland. 


Sir  GEORGE   ELLIOT,   Bart.,    D.C.L.,    1,    Park   Street,   Park   Lane, 

London,  W. 
Lord  ARMSTRONG,  C.B.,  LL.D.,  D.C  L.,  Cragside,  Rothbury.  |  ^ 

LINDSAY  WOOD,  Esq.,  The  Hermitage,  Chester-le-Street.  (  J 

G.  C.  GREEN  WELL,  Esq.,  Elm  Tree  Lodge,  Duffield,  Derby. 

O*  X  G.  B.  FORSTER,  Esq.,  North  Jesmond,  Newcastle-upon-Tyne. 

i     JOHN  DAGLISH,  Esq.,  Rothley  Lake,  Cambo,  R.S.O.,  Northumberland 
Sir  LOWTHIAN  BELL,  Bart.,  D.C.L.,  Rounton  Grange,  Northa'lerton, 
WM.  COCHRANE,  Esq.,  Grainger  Street  West,  Newcastle-upon-Tyne. 
W.  LISHMAN,  Esq.,  Bunker  Hill,  Fence  Houses,  i  ^     .  .      ,^.      ^      ., 
G.  MAY,  Esq.,  Harton  Colliery,  South  Shields.      |  ^'^''"''^  Vice-Presidents, 

TREASURER. 
REGINALD  GUTHRIE,  Esq.,  Neville  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
M.  WALTON  BROWN,  Esq.,  Neville  Hall,  Newcastle-upon-Tyne. 
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LIST     OF     MEMBERS, 

JULY  31,  1892. 


PATRONS. 

His  Grace  the  DUKE  OF  XORTHUMBERLAND. 

The  Most  Noble  the  MARQUIS  OF  LONDONDERRY. 

The  Right  Hono^^rable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq. 


HONORARY  MEMBERS. 

^  Honorary  Members  during  teriu  of  office  only. 

Date  of  Election. 

1  The  Riglit  Honourable  the  EARL  of  RAVENSWORTH,  Ravens- 
worth  Castle,  Gateshead-upon-Tyue       Nov.     3,  1877 

2*J.  B.  ATKINSON,  Esq.,  H.M.  Inspector  of  Mines,  Glasgow      ...  Aug.     4,  1888 

3*W.  N.  ATKINSON,  Esq.,  H.M.  Inspector  of  Mines,  Newcastle, 

Staffordshire  Aug.     4,  1888 

4*W.   BEATTIE-SCOTT,  Esq.,  H.M.   Inspector  of  Mines,   Great 

Barr,  near  Birmingham      ...         ...         ...         ...         ...         •••  Dec.    10,  1887 

5* Prof.    P.    PHILLIPS   BEDSON,    Durham   College   of   Science, 

Newcastle-upon-Tyne        Feb.    10,  1883 

6*TH0MAS  BELL,  Esq.,  H.M.  Inspector  of  Mines,  Durham        ...  Aug.     4,  1888 

7*Prof.   G.    S.  BRADY,  Durham  College  of  Science,  Newca-stle- 

upon-Tyne Nov.     6,  1875 

8  Dr.  BRASSERT,  Berghauptmann,  Bonn-am- Rhein,  Prussia      ...  Dec.     8,  1883 

9  JOSEPH    DICKINSON,   Esq.,    South   Bank,   Pendleton,    Man- 

chester   Dec.    13,  1852 

10*C.  LE  NEVE  FOSTER,  Esq.,  Inspector  of  Mines,  Llandudno  ..  Aug.     4,  1888 
11*Prof.  WILLIAM  GARNETT,  Durham  College  of  Science,  New- 
castle-upon-Tyne      April  11,  18S5 

12* JOHN  GERRARD,  Esq.,   H.M.  Inspector  of  Mines,   Worsley, 

Manchester J^^ne  11,  1892 

13*HENRY    HALL,    Esq.,    H.M.    Inspector  of   Mines,   Rainhill, 

Prescott         March4,  1876 

14* J.  L.  HEDLEY,  Esq.,  H.M.  Inspector  of  Mines,  Newcastle- 
upon-Tyne     April   9,  1892 

15*Prof.  a.  S.  HERSCHEL,  Observatory  House,  Slough,  Bucks...  Aug.     3,  1872 

16  The  Very  Rev.  Dr.  LAKE,  Dean  of  Durham        ...         Feb.     3,1872 

17*Pkof.  G.  a.  LEBOUR,  Durham  College  of  Science,  Newcastle- 
upon-Tyne    Nov.     1.  1879 

18  J.  A.  LONGRIDGE,  Esq.,  Greved'Ayette,  Jersey  Dec.    11,  1886 
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19* J.  S.  MARTIN,  Esq.,  H.M.  Inspector  of  Mines,  Clifton Aug.  4,  ISSS 

20*JOSEPH  T.  ROBSON,  Esci.,  H.M.  Inspector  of  Mines,  Swansea  Aug,  4,  ISSS 
21* J.  M.  R0NALD80N,  Esq.,  H.M.  Inspector  of  Mines,  44,  Athole 

Gardens,  Glasgow   ...         ...         ...         ...         ...         ..           ...  Aug.  4,  18S8 

22*A.  H.  STOKES,  Esq.,  H.M.  Inspector  of  Mines,  Greenhill,  Derby  Aug,  4.  ISSS 

23  M.  E.  VUILLEMIN.  Mines  d'Aniche,  Nord,  France        Sept.  7,  1S7S 

24*FRANK   N.  WARDELL,  Esq., H.M.  Inspector  of  Mines,  Watli- 

on-Dearne,  near  Rotherliam         ...         ...         ...         ...         ...  Feb.  4,  1865 


MEMBERS. 

Marked  *  have  paid  life  composition. 

,     ,  /~,  T>         I-      T>     j_    /-vi»  T  1  1  Date  of  Election 

1  Abtjrrow,   Charles,    Box   5,    Fost   Umce,    Johannesburg,  and  of  Transfer. 

Transvaal        Feb.   13,  1892 

2  AcKROYD,  Wm.,  Morley  Main  Collieries,  Morley,  near  Leeds  Feb.     7,  1880 

3  Agniel,   S.,  Mines  de  Vicoigne  (No.d),  Noeux  (P.  de  C),  A.M.  April 23,  1887 

France M.June    8,1889 

4  AiTKix,  Hexry,  Falkirk,  N.B Mar,    2,1865 

5  Allan,   John   F,    c/o    Caldwell   and    Watson,    109,  Fen- A.M.  Feb.   10,1883 

church  Street,  E.C M.June    8,1889 

6  Allison,  J.  J.  C,  Hcdley  Hill  Coll.,  VVaterhouses,  Durham  A.M.  Feb    13,  188G 

M.  June    8,  1889 

7  Anderson,  C.  W.,  Belvedere,  Harrogate        

8  Anderson,  R.  S.,  Elswick  Colliery,  Newcastle-upon-Tyne. 


Aug. 

21, 

1852 

s 

June 

9, 

1883 

A.M. 

Aug. 

4, 

1888 

M 

Aug. 

3, 

1889 

Oct. 

5, 

1872 

July 

2 

1872 

9  Andrews,  Hugh,  Swarland  Hall,  Felton,  Noi  thuniberland 

10  Archer,  T.  ,  6,  Park  Terrace,  Gateshead-upon-Tyne 

11  Armstrong,   Lord,  C.B.,  LLD.,  DC  L.,  Cragside,  Roth- 

bury  (Past-President,  il/em/>e/- o/Co«?i«7j       May    3,1866 

12  Armstrong,  Henry,  Pelaw  House,  Chester-le-Street  ...  A.M.  April  14,  1883 

M   June    8,  1889 

13  Armstrong,   Wm.,   Pelaw  House,  Chester-le-Street  (Vice- 

President,  il/emi^'r  o/"  Co?tHc«7^ 

14  Armstrong,  W.,  Juu.,  Wingate,  Co.  Dm-hixm  (Memhcr  of 

Council) 

15  Armstrong,  W.  L.,  Newton  Lane  Colliery,  Victoria  Coal 

and  Coke  Co. ,  Limited,  near  Wakefield  ...    ■ 

16  Arnold,  T.,  Castle  Hill,  Greenfields,  Llauelly  

17  Asquith,  T.  W.,  Harperley,  Liutz  Green,  Newcastle-upon- 

Tyne     

IS  Atkinson,  A.  A  ,  Barrow  Collieries,  Barnsley,  Yorkshire... 


19  Atkinson,  Fred.  R.,  Winton  Square,  Stoke-on-Trent 


20  Aubrey,  R.  C,  14,  St.  Paul's  Square,  Southport     

21  Austine,  John,  Cadzow  Coal  Co.,  Glasgow 

22  Ayton,  Ernest  F.,  El  Bote  Mining  Negociacion,  Zacatecas, 

Republic  of  Mexico  


Aug. 

21, 

1S52 

S.  April 

7, 

1867 

M.  Aug 

6, 

1870 

S.  Mar. 

3, 

1864 

M.  Aug. 

1, 

1868 

A.M.  Oct. 

2 

1880 

M. June 

s'. 

1889 

Fel). 

2_ 

1867 

S.  Aug. 

3, 

1878 

A.M.  Aug. 

7, 

1886 

M.  Aug. 

3, 

1SS9 

S.  Feb, 

14, 

1874 

A.M.  Aug. 

4, 

1883 

M.  June 

8, 

1889 

Feb. 

5, 

1870 

Nov. 

4, 

1S76 

Aug. 

1, 

1891 

20 
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Date  of  Election 
and  of  Transfer. 


23  Aytox,  Henry,  Co-svpeu  Colliery,  Blyth,  Northumbsrlanil        S.  Mar.    6,  1875 

A.M.  Aug.    2,  1884 
M.  June   8,  1889 


24  Bailes,  E.  T.,  Wingate,  Ferryhill        

2o  Bailes,  T.,  Jesmond  Gardens,  Newcastle-upon-Tyne 

26  B.ULEY,  Samuel,  33,  Waterloo  Street,  Birmingham 

27  Baix,  R.  Doxald,  85,  Pembroke  Road,  Clifton,  Bristol     ... 

23  Bainbridge,  E.,  Nunnery  Colliery  Offices,  Sheffield 

29  B.iXL,  Alfred  F.,  14,  Lansdowne  Terrace,  Gosforth 

80  Baxks,  Thomas,  60,  King  Street,  Manchester  

31  Barrett,  C.  R.  Whitehill  Hall,  Chester-le-Street 


32  B^vrtholomew,  C,  Castle  Hill  House,  Ealing,  London,  W. 
33*Bartholomew,  C.  W.,  Blakesley  Hall,  near  Towcester      .. 

34  Batey,  Johx,  Newbury  Collieries,  Coleford,  Bath 

35  BArMGARTXER,  W.  O.,  Houghton-le-Spring,  Fence  Houses 

36  Bayldox,  Daxiel  Hy.,  3,  Drapers'  Gardens,  London,  E.G.  ; 

letters  to  Spitzkop,  Lj'denburg,  S.  A.  R.  

37  Beanlaxds,  Arthur,  Palace  Green,  Durham  

38  Bell,  Sir  Lowthian",  Bart.,  Rounton Grange,  Northallerton 

(Past-President,  Mem.  of  Council)        

39  Bell,  C.  E.,  Park  House,  Durham       

40  Bell,  Geo.  F.,  4,  St.  Thomas'  Square,  Newcastle-upon-Tyne 


41  Bennett.  Alfred  H.,-Dean  Lane  Collieries,  Bedrainster, 

Bristol... 

42  Benson,  J.  G.,  12,  Grey  Street,  Newcastle-upon-Tyne 

43  Benson,  T.  W.,  11,  Newgate  Street,  Newcastle-upon-Tyne 

(Vice-President,  J/^em6e/' o/ CoMTiaV^    ... 

44  Berkley,   C,  Marley  Hill,   Whickham,  R.S.O.,  Co.  Dur- 

ham ('Vice-President,  il/e?n6cr  q/"  CommciV^       

45  Berkley,  Frederick,  Lumley  Thicks,  Fence  Houses 


46  Berkley,   R.   W 
Durham 


Marley   Hill,  Whickham,  R.S.O.,  Co. 


47  Bewick,   T.   J.,  Broad  Street  House,  Old   Broad   Street, 

London,  E.C. 

48  BiGGE,  D.  Selby,  27,  Mosley  Street,  Newcastle-upon-Tj^ne... 

49  BiGLAND,  J.,  Henknowle,  Bishop  Auckland 

50  BiLGRAMi  Syed  Ali  Shamsul  Ulama,  Director-General  of 

Mines,  Hyclei-abad,  Deccan,  India 


A.M. 

June 

7, 

1879 

M. 

June 

8, 

1889 

Oct. 

7, 

1858 

June 

0 

-> 

1859 

S. 

March  1 , 

1873 

M. 

Aug. 

5, 

1376 

S. 

Dec. 

3, 

1863 

M. 

Aug. 

1, 

1868 

A.M. 

Dec. 

11, 

1886 

M. 

June 

8, 

1889 

Aug. 

4, 

1877 

S. 

Nov. 

7, 

1S74 

A.M. 

Aug. 

7, 

1880 

M. 

Dec. 

11, 

1886 

Aug, 

5, 

1853 

Dec. 

4, 

1875 

Dec. 

5, 

1868 

S 

Sept. 

6, 

1879 

M 

Aug. 

3, 

1889 

Feb. 

s. 

1890 

Mar. 

7, 

1807 

July 

6, 

1854 

S. 

Dec. 

3, 

1870 

M 

Oct. 

4, 

1879 

S. 

Sept. 

6, 

1879 

A.M 

Aug. 

6, 

1887 

M. 

Aug. 

3, 

1889 

A.M. 

April 

10, 

1886 

M. 

June 

8, 

1889 

Nov. 

7, 

1874 

Aug. 

2, 

1866 

Aug. 

21, 

1852 

A.M 

Dec. 

9, 

1882 

M 

June 

8, 

1SS9 

S. 

Feb. 

14, 

1874 

A.M. 

Aug. 

7, 

1880 

M 

June 

8, 

1889 

April 

5, 

1860 

June 

13, 

1891 

June 

3. 

1857 

April  11, 

1891 
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51  BiXNS,  G.  J.,  Netberseal  Colliery,  Burtou-on-Trent  ...  Aug.    7,1886 

52  BiKAM,    B.,    Peaseley    Cross    Collieries,    St.    Helen's,   Lan- 

cashire     ...         ...         ...         Sept.    6,  1855 

53  Bishop,  James,  Grey  Valley  Coal  Co.,  Brunuerton,  Grey- 

mouth,  Xew  Zealand  April  13,  1889 

5i  Black,  W.,  Heel  worth  Villa,  South  Shields  April  2,  1870 

55  Blackburn,  Wm.  Stevensox,  Astley  House,  Woodlesford, 

near  Leeds       ...         ...         ...         ...         ...         ...  ...  Dec.    10,  18S7 

56  Blackett,  W.  C,  Jan.,  Acorn  Close,  Sacriston,  Durham  ...        S.  Nov.    4,  1876 

A.M.  Aug.     1,  1885 
M.  June    8,  1889 

57  Blagburx,  Charles,  150,  Leadenhall  Street,  London,  EC.  April  13,  1889 

58  Blakeley,  a.  B.,  Soothill  Wood  Coll.  Co  ,  Ltd.,  nearBatley        S.  Feb.   15,  1879 

M.  Aug.    3,  1889 

59  Bolton,    Edgar   Ormerod,   Executor  of  Col.  Hargreaves, 

Colliery  Offices,  Burnley      April  12,  1890 

60  BoLTOX,  H.  H.,  Newchurch  Collieries,  near  Manchester    ...  Dec.     5,  1868 

61  Boucher,  A.  S.,  P.O.  Box  53,  Ivrugersdorf,  South  African 

Republic  Aug.    4,  1883 

62  Boyd,   Wm.,   North  House,   Longbenton,  Newcastle-upon- 

Tyne     Feb.     2,  1867 

63  Bradford,  Geo.,  Witton  Park,  Darlington Oct.    11,  1890 

64  Bramwell,  Hugh,    Clifton   Colliery,   Great   Clifton,   near        S.  Oct,     4,  1879 

Workington A.M.  Aug.  6,  1887 

M.  Aug.  3,  1889 

65  Breckox,  J.  R.,  41,  Fawcett  Street,  Sunderland      Sept.  3,  1864 

66  Broja,  Richard,  Koeniglicher  Oberbergrath,  35,  Friedrich 

Strasse,  Halle,  a/S Nov.    6,  1S80 

67  Brough,  Bennett  H.,  5,  Robert  Street,  Adelphi,  London,  A.M.  Dec.   10,  18S7 

W.C M.  June    8,  1889 

68  Brough,  Thomas,  New  Seahani  Colliery,  Sunderland         ...        S.  Feb.     1,  1873 

A.M.  Aug.    2,  1879 
il.  June    8,  1889 

69  Brown,  M.  Walton,  Westmorlauds,  Gateshead-upon-Tyne        S.  Oct.     7,  1871 

(Secret.ary) M.  Aug.    3,  1878 

70  Brown,  Robert  M.,  Norwood  Colliery,  via  Darlington      ...  A.M.  Oct.    10,  1886 

M.  Aug.    3,  1889 

7 1  Brown,  Thomas,  Westport  Coal  Co. ,  Coalbrookdalc  Colliery, 

Westport,  New  Zealand      ...  April  13,  18S9 

72  Brow  N,  Thos.  Forster,  Guildhall  Ciiambers,  Cai'ditf  (Mem- 

ber of  Goimcil)  Aug.     1,1861 

73  Browne,    Sir   Benjamin    C,    Westacres,    Benwell,   New- 

castle-upon-Tyne         Oct-     1,  1870 

74  Bruce,  John,  Port  Mulgrave,  Hinderwell,  R.S.O.,  Yorkshire        S.  Feb.  14,  1874 

A.M.  Aug.  7,  1880 

M.  June  8,  1889 

75  Bryham,  William,  Rosebridge  Colliery,  Wigan Aug.  1,1861 

76  Bryham,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan  ...  Aug.  3,  1865 

77  Bulman,   H.  F.,  Byer  Moor,  Burnopfield,  near  Newcastle-        S.  May  2,  1874 

upou-Tyne       A.M.  Aug.    6,  1881 

M.  June    8,  1889 
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Date  of  Election 
anil  of  Transfer. 

78  Br.v-NING    C.   Z.,    c/o  The   Borax    Co.,    Limited,   2,    Maori        S.  Dec.  6,  1873 

Khaix,  Constantinople           ...         ...         ...         ...         ...  A.M.  Aug.  5,  1882 

M.  Oct.  8,  1887 

79*BcRLS,  Herbert  T.  ,  Box  76,  Barberton,  Transvaal,  .South 

Africa               Feb.  9,  1889 

80  BcRX,  James,  28,  Fawcett  Street,  Simderland           Dec.  13,  1890 

81*BrRN.s,  David,  Canal  Bank,  Carlisle May  5,1877 

82  Burrows,  J.  S. ,  Yew  Tree  House,  Atherton,  nr.  Manchester        S.  Oct.  11,  1873 

M.  Aug.  4,  1877 

83  Cabrera,  Fidel,  c/o  H.  Kendal  and  Son,  12,  Great  Win-  A.M.  Oct.  6,  1877 

Chester  Street,  London         ...         ...         ..           ...         ...       M.  Aug.  3,  18S9 

84*Candler,  T.  E S.  May  1,  1875 

A.M.  Aug.  4,  1883 

M.  June  8,  1889 

85  Carnes,  Charle.s  Spe.\rman,  Hutton  Henry  Colliery,  Wiu- 

gate,  R.S.O.,  Co.  Durham Aug.  1,1891 

86  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield  ..             :Mar.  6,  1869 

87  Chapman,   Alfred    Crawhall,    29,    St.   Nicholas'   Build- 

ings, Newcastle-upon-TjTie...         ...         ...         ...         ...             Oct.  13,  1888 

SS  Chaeltox,  W.  a.,  Raveuswood,  Uddington,  near  Glasgow  A.M.  Nov.  6,  1880 

M.  Aug.  3,  1889 

89  Cuees:max,  I.  T.,  Throckley  Colliery,  Newcastle-upon-Tyne             Feb.  1,  1873 

90  Cueksmax.  W.  T.,  Hartlepool Feb.  5,  1876 

91  Ciiickex,  Lancelot  W.,  Boldon  Colliery,  Co.  Durham      ...             June  8,1889 

92  Childe,  Henry  S.,  Mining  Engineer,  Wakefield      A.M.  Feb  12,  18S7 

M.  Aug.  3    1889 

93  Clark,  C.  F..  Garswood Coal  and  Iron  Co.,  Ltd.,  near  Wigan             Aug.  2.  1866 

94  Clark.  R.  B.,  Springwell  Colliery.  Gateshead-upon-Tyue  ...        S.  May  3,  1873 

M.  Aug.  4,  1877 

95  Clough.  James,  Willow  Bridge,  Choppington,  Morpeth      ...        S.  April   5,  1873 

A.M.  Aug.    3,  1878 

M   June  8,  1889 

96  Cochrane,  B.,Aldin  Grange,  Durham            Dec.  6,1866 

97  Cochrane,  C.  Green  Royde,  Pedmore,  near  Stourbridge                  June  3,1857 

98  Cochrane,    W.,    St.   John's   Chambers,    Grainger     Street 

West,  Newcastle-upon-Tyne  (Past- President,  Member 

of  Council)      Aug.  1,  1861 

99  CocKSON,  Charles,  Ince  Coal  and  Cannel  Co.,  Ince,  Wigan  A.M.  April 22,  1882 

M.   Aug.   3,  1889 

100  Cole.  Colin,  De  Beers  Mine.  Kimberley.  S.  A 

101  Cole.  Robert  Heath.  Endou.  Stoke-upon-Trent      

102  Collins,  Arthur  Launcelot,  13.  Basinghall  St. .  London,  E.  C. 

103  CoLLis,  W.  B.,  Swiuford  House.  Stourbridge.  Worcestershire 

104  Colquhoun.  T..  West  Stanley  Colliery.  Co.  Durham 

105  Cook.  J.,  Washington  Iron  Works,  Washington,  Co.  Durham 

106  Corbett.  V.  W  ,  Chilton  Moor,  Fence  Houses  

107  Corbitt,  M.,  Teams,  Gateshead-upon-Tyne 

108  CoRLETT,  George  Stephen.  Wigan      

109  CouLSON.  F.,  10.  Victoria  Terrace,  Durham 


S.  Oct. 

18, 

1882 

M.  Dec. 

12, 

1891 

Feb. 

5, 

1876 

Feb. 

I?, 

1892 

June 

6, 

1861 

Dec. 

14, 

1889 

■   May 

8, 

1869 

Sept. 

3, 

1870 

Dec. 

4, 

1675 

Dec. 

12, 

1891 

S.  Aug. 

1, 

1868 

M.  Aug. 

2, 

1873 

LIST   OF   MEMBERS. 

110  CouLSOX  W.,  1.  Pimlico,  Durham  

111  CouLTHARD.  Sx.  Dx.  Fraxcisco.  Miiias  del  Penoncillo,  Mar- 

bella.  Provincia  cle  Malaga,  Spain  ... 

112  Cox,  JoHX  H..  10,  St.  George's  Square.  Sunderland 

113*CoxE,  E.  B.,  DriftOD.  Jeddo.  P.O.  Luzerne  Co.,  Penns.,  U.S. 

114  Cravex,  Hiram,  Jun.,  Mechanical  Engineer,  Sunderland  ... 

115  Ckightox,  Johx.  Albert  Villa,  Victoria  Park.  Manchester... 

116  Croxe,  E.  W.,  Forest  Hall,  near  Newcastle-upon-Tyne 

117  Croxe,  F.  E 


118  Croxe,  J.  R.,  Tudhoe  House,  via  Spennymoor 

119  Croxe,  S.  C,  Fore.st  Hall,  Newcastle-upon-Tyne      

120  Cross,  Johx,  77,  King  Street,  Manchester     ... 

121  Croudace,  C.  J.,  Bettisfield  Colliery  Co.,  Limited.,  Bagillt, 

North  Wales 

122  Croudace,  Johx,  West  House,  Haltwhistle  

123  Croudace,  Thomas.  Lambton  Lodge,  Lambton,  Newcastle, 

New  South  Wales     ... 

124  Curry,  W.  Thos.,  Ulverstou,  Lancashire      
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Date  of  Election 
and  of  Transfer. 

Oct.     1,  1852 

June 

8,  1889 

Feb. 

6,  1875 

Feb. 

1,  1873 

April 
Oct. 

12,  1890 

8,  1887 

s 

Mar. 

5,  1870 

M 

S. 

AM 

Aug. 
Sept. 
Aug. 

5,  1876 
2,  1876 

7,  1886 

M 

June 

8,  1889 

Feb. 

1,  1868 

Aug. 

3,  1854 

June 

5,  1869 

Nov. 

2,  1872 

June 

7,  1873 

Nov.  6,  1862 

S.  Sept.  4,  1880 

A.M.  Aug.  7,  1886 

M.  Aug.  3,  1889 


125  Dacres,  Thomas,  Dearhani  Colliery,  v«a  Carlisle      

126  Daglish,  Johx,  Rothley  Lake,  Cambo,  R.S.O.,  Northum- 

berland (Past-Presidext,  il/e?H6er  o/OowJifiY)  ... 

127  Daglish,  W.  S.,  Newcastle-upon-Tyne  

128  Dakers,  W.  R.,  The  Loggins,  Tudhoe  Colliery,  via  Spenny-  A. 

moor,  Durham 

129  Dale.  David,  West  Lodge.  Darlington  

130  Darlixg.  Fexwick,  South  Durham  Colliery,  Darlington     ... 

131  Darlixgtox,  James,  Black   Park  Colliery.  Ruabon,  North 

Wales  ... 

132  Davey,  Hy.,  3,  Princes  Street,  Westminster.  London,  S.W. 

133  Davies,  Lt.-Col.  Jasper  G.  S.,  Marton,  Miildlesbrough      ... 

134  Davies,  John,  Hartley  House,  Coundon,  Bishop  Auckland... 

135  Davis,  Kenxeth  McRae,  Dudley  Colliery.  Northumberland 

136  Dees,  J.  GiBsox,  Floraville.  Whitehaven        

137  Dees,  R,  R  ,  Newcastle-upon-Tyne      

138  Dexxistox,  Robert  B.,  Stuart  Street,  Dunedin,  New  Zealand  A. 

139  Dixox,  D.  W..  Lumpsey  Mines,  Brottou,Saltburn-by-the-Sea 
140*Dixox,  James  S.,  97,  Bath  Street,  Glasgow 

141  Dixox.  NiCH.         

142  Dixox,  R.,  10,  Claremont  Terrace,  Newcastle-upon-Tyne  ... 

143  DoDD,  B.,  Bearpark  Colliery,  near  Durham 


:\Iay     4,  1878 


144  DoDD,  M.,  Burncroft,  Hexham 


S. 
M. 

S. 
.M. 
M. 


Aug.  21, 
July  2, 
Oct.  14, 
Aug.  3, 
Feb.  5, 
Nov.  6, 
Xov.  7, 
Aug.  4, 
Oct.  11, 
Aug.  3, 
April  10, 
April  13, 
Oct.  13, 
Oct.  7, 
Dec.  11, 
Aug.  3, 
Nov.  2, 
Aug.  3, 
Sept.  1, 
June  5, 
May  3, 
Aug.  1, 
Dec.  4, 
Aug.  7, 
June  8, 


1852 
1872 
1882 
1889 
1870 
1875 
1874 
1877 
1873 
1889 
1886 
1889 
1883 
1871 
1876 
1889 
1872 
1878 
1877 
1875 
1866 
1868 
1875 
1880 
1889 
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Date  of  Election 
and  of  Transfer. 

14:5*DoNKiN,  W. .  Warora  Colliery.  War<lha  Coal  State  Railway,        S.  Sept.  2,  1876 

C.P.,  India      A.M.  Aug.  1,1885 

M.  June  8,  1889 

146  Douglas,  A.  S.,  Hucknall  Torkard  Collieries,  Nottingham..         S.  June  1,  1878 

A.M.  Aug.    6   1887 
M.  Aug.    3,  1889 

147  Douglas,  C.  P.,  Parliament  Street,  Consett,  Co.  Durham  ...  Mar.    6,  1869 

148  Douglas,  Johx,  Seghill  Colliery,  Dudley,  Xorthumberland  A.  M.  Aprir22,  1882 

M.  Aug.    3,  1889 

149  Douglas,  M.  H.,  Usworth  Colliery,  Washington,  R.S.O.,A.M.  Aug.    2,  1879 

Co.  Durham M.  Aug.    3,  1889 

150  Douglas,    T.,    The    Garth,    Darlington    (Vice-Peesidext, 

Member  of  Council ) Aug.  21,  1852 

151  DowDESWELL,  H.,  Butterknowle  Colliery.  Wrt  Darlington   ...        S.  April  5,  1873 

M.  Aug.    7,  1875 

152  Doyle,  Patrick.  Indian  Engineeriuf) ,  19,  Lall  Bazar,  Cal- A.M.  Mar.     1,  1879 

cutta,  India M.Aug.    3,1889 

153  Dunn,  A.  F June    2,1877 

154  Edex,  C.  H.,  c/o  Messrs.  Vivian  and  Sons.  Swansea  ...  June  14,  1890 

155  Edge,  J.  H.,  Coalport  Wire  Rope  and  Chain  \Vorks,  Shifual.  A.M.  Sept.    7,  1878 

Salop M.  Aug.    3,  l8S9 

156  Elliot,  Sir  C4eorge,  Bart.,  D.C.L.,  1,  Park  Street,  Park 

Lane,  London,  W.  (Past-Presidext,  J/e?«&ero/*G^«HczO 

157  Ellis,  W.  R.,  Wigan       

158  Elsdon,  Robert,  The  Highlands,  Burnt  Ash  Hill.  Lee,  Kent 

159  Elwen,  Thomas  Lee.  Littleburn  Colliery,  near  Durham     ... 

160  Embletox,  T.  W.,  The  Cedars.  Methley,  Leeds         

161  Embleton,  T.  W.,  Juu.,  The  Cedars,  Methley,  Leeds 

162  Eminsox,  J.  B  ,  Londonderry  Offices,  Seaham  Harbour 

163  Everard,  J.  B.,  6,  Millstone  Lane,  Leicester  

164  Fairley,  James,  Craghead  and  Holmside  Coll.,  Chester-le-  A.M.  Aug.    7,  1880 

Street M.  Aug.    3,  1SS9 

165  Farmer,  A.,  Seaton  Carew,  near  West  Hartlepool Mar.     2,1872 

166  Farrow,  Joseph.  Brotton  Mines,  Brotton,  R.S.O AM   Feb.   11,1882 

M.  Aug.    3,  1889 

167  Favell,  T.  M  ,  Etruria  Iron  Works,  nr.  Stoke-upon-Trent  April  5,  1873 
168*Fenwick,   B.iRNABAS,  84,  Osborne  Road,  Newcastle-upon- 
Tyne     Aug.    2,  1S66 

169  Ferens,  Frederick  J.,  Silksworth  Colliery,  Sunderland    ...        S   Dec.     4,1880 

A.M.  Aug.    4,  1888 
M.  Aug.    3,  1889 

170  Ferguson,   D,  Persian  Bank  Mining   Rights   Corporation  A.  M.  Dec.     8,  1883 

Limited.,  6,  Drapers'  Gardens,  London.  E.C M.  Aug.    3,  1889 

171  Fisher.  Ed.   R.,  Nant  Glas,  Cross  Hands,  near  Llanelly,  A.M.  Aug.    2,  1884 

South  Wales M.Aug.     3,  18S9 

172  Fleming,  C.  E.,  Black,  Hawthorn,  &  Co.,  Gateshead-upon- 

Tyne April  13,  1889 


Aug. 

21, 

1852 

June 

1, 

1878 

Nov. 

7, 

1876 

Oct. 

13, 

1888 

Sept. 

6, 

1855 

S.  Sept. 

2, 

1865 

^.  Aug. 

1, 

1868 

Mar. 

2, 

1872 

Mar. 

6, 

1869 

LIST   OF   MEMBERS. 

173  Fletcher,   H.  ,  Ladyshore   Colliery.   Little  Lever,  Bolton, 

Lancashire 
174:  Fletcher,  John,  Gill  House,  Ulverstone 

175  FoGGiN,    W.,  North  Biddick  Colliery,  Washington  Station. 

Co   Durham    ... 

176  Forrest,  B.   J.,  Villa  Maria,  Province  of  Cordova,  Argen- 

tine Republic  ... 

177  Forrest,  J.  C,  H oily  Bank  Coll. ,  Essington,  Wolverhampton 

178  Forster,  C.  W.,  North  Jesmond,  Newcastle-upon-Tyne 

179  Forster,    G.    B.,    North   Jesmond,    Newcastle-upon-Tyne 

(Past-President,  Jfemfcer  o/6'ott)ic77)      

180  Forster,  J.  R  ,  Water  Company's  Office,  Newca-stle-upon- 

Tyne 

181  Forster,  J.   T  ,   Burnhope  Colliery,  near  Lanchester,  Co. 

Durham 

182  Forster,  Thomas  E.,  North  Jesmond,  Newcastle-upon-Tyne 

(Member  of  Cow ncU J 

183  Foster.  George,  Osmondthorpe  Colliery,  near  Leeds 

184  Fryar,  Mark,  Denby  Colliery,  Derby 


185  Galloway,  T.  Lindsay,  Argyll  Colliery,  Campbeltown,  N.B. 

186  Galloway,  Wm,  Cardiff  

187  G.VLLWEY,  Arthur  P.,  P.O  Box,  138,  Johannesburg,  Z. A  R. 

188  Geddes,  George  H.,  142,  Princes  Street,  Edinburgh 

189  Gerrard,  James,  II,  Meek  Buildings,  Wigau  


190  Gerr.\rd,  John,  Worsley,  Manchester 

191  Gilchrist.  J.  R.,   Garestiekl  Colliery,   Lintz  Green,  New- 

castle-upon-Tyne       ...         ...         ...         .  ... 


192  GiLLETT,  Leonard  F.,  163,  Osmaston  Road,  Derby 

193  GiLKOY,  G.,  Orrol,  Wigan  

194  GiLROY,  >S   B.,  Nuneaton 

195  Gjers,  John,  Southfield  Villas,  Middlesbrough 

196  Greaves,  J.  0.,  St.  John's,  Wakelield 

197  Green,  J.  T.,  Ty  Celyn,  Abercarne,  Newport,  Mon. 

198  Greener,  Henry,  South  Pontop  Colliery,  Annheld  Plain...  AM 

199  Greener,  T.  Y.,  West  Lodge,  Crook,  Darlington 

200  Greenwell,    G.    C,    Elm   Tree   Lodge,    Duffield,   Derby 

(Past-President,  J/emter  q/' (7oiMia7)     
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Date  of  Election 
and  of  Transfer. 


Aug.  3,  1865 
S.  July  2,  1872 
M.  Aug.  4,  1877 

Mar.  6,  lb75 

April  12,  1884 

April  12,  1884 

S.  June  10,  !882 

M.  Aug.  1,  1891 

Feb.  5,  1857 


July 

2, 

1872 

S.  Aug 

1, 

1868 

M.  Aug. 

5, 

1876 

S.  Oct. 

7, 

1876 

A.M.  Aug. 

1, 

1885 

M.  June 

8, 

1SS9 

Mar. 

7, 

1874 

S  Oct. 

7, 

1876 

A.M.  Aug. 

4, 

1883 

M. June 

8, 

1889 

Sept. 

2 

1876 

April 

■2:i, 

1887 

S.  Oct. 

2, 

ISSO 

M.  Oct 

10, 

1891 

Oct. 

), 

1881 

S.  Mar. 

1, 

1873 

A.M.  Aug. 

2, 

1879 

M.  June 

8, 

1889 

S.  Mar. 

5 

1870 

M.  Aug. 

1, 

1874 

S.  Feb. 

3, 

1877 

A.M.  Aug. 

1 

1885 

M.  June 

8, 

1889 

June 

14, 

1890 

Aug. 

7, 

1856 

Sept. 

5, 

1S6S 

.luue 

7. 

1873 

Aug. 

7, 

1852 

Dec. 

3, 

1870 

A.M.  Dec. 

9, 

1882 

M  Aug. 

3, 

1889 

S.  July 

2, 

1872 

A.M.  Aug. 

-'I 

1879 

M.  June 

8, 

1889 

Aug. 

21 

1852 

96  LIST    OF   MEMBEES. 

Date  of  Election 
and  of  Transfer. 

201  Geeeswell,  G.  C,  Jim,  Poynton,  near  Stockport S.  Mar.     6,  1869 

M.  Aug.    3,  1872 

202  Gresley,  W.  S..  Reed  House,  Erie,  Pa.,  U.S. A A.M.  Oct.     5,  1878 

M.  Aug.  3.,  1889 

203  Grey,  C.  G  ,  20,  Xorthbrook  Road,  Leeson  Park.  Dublin  ...  May  4,  1872 

204  Griffith,.  N.  R.,  Wrexham       Aug.  1,  1867 

205  Grimshaw,  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lan- 

cashire ...         ...         ...         ...         ...         ...         ...  Sept.    5,  1868 

206  Guthrie,  James  K.,  Eltringham  Colliery,  Prudhoe,  R.S.O.  Aug.    3,  1889 

207  Haddock,  W.   T.,  Jun  ,  The  Durban  Roodeport  Gold  Min-        S.  Oct.     7,  1876 

ing  Co.,  Ltd.,  Roodeport,  near  Johannesburg,  Z. A. R....  A.M.  Aug.     1,  1885 

M.  June    8,  1889 

208  Haggie.D.  H.,Wearmouth  Patent  Rope  Works,  Sunderland  Mar.    4,  1876 

209  Haggie,  Peter  Sinclair,  Gateshead-upou-Tyne      A.M.  April  14,  1883 

M.  Aug.    3,  1889 
210*HAGrE,  Erxest,  Castle  Dyke,  Sheffield  Aug.    3,1878 

211  Haixes,  J.  Richard,  Adderley  (ireen  Colliery,  near  Longton, 

Stoke-upon-Trent       ...         ...         ...         ...         ...         ...  Nov.    7,  1874 

212  Hall.  M.,  Lofthouse  Station  Collieries,  near  Wakefield      ...  Sept.    5,1868 

213  Hall.  M.  S.,  8,  Victoria  Street,  Bishop  Auckland Feb.   14,1874 

214  Hall,  Tom,  Ryhope  Colliery,  n«  Sunderland           June    8,1889 

215H.4LL.  Wm.            Dec.     4,1875 

216  Baia,.  William  F.,  Haswell  Colliery,  Haswell.  via  Sunder- 

land ^Vice-President,  J/e»!6er  o/"  Cohh  j7^       ..         ...  May  13,1858 

217  HALLAS.G.H..Wigan  and  Whiston  Coal  Co..  Limited.  Prescot        S.  Oct.      7,  1676 

A.M.  Aug.    4,  1883 
M.  June    8,  1889 

218  Hallimond,   Wm.   Tasker.  Randt  Coal  Mining  and  Land 

Company.  Ld..  P.O.  Box  506.  Johannesburg.  Z  A.R.    ...  Dec.   14,  1889 

219  Halse,   Edward.  15,  Clarendon  Road,  Netting  Hill,  Lon- A. M.  June  13,  1885 

don,  W M.Aug.    3,1889 

220  H.\MiLTOX.  E..  Rig  Wood.  Saltburn-by-the-Sea         S.Nov.     1,1873 

A.M.  Aug.    2,  1879 
M.  June    8,  1S89 

221  Haxx.  Edmund,  Aberaman.  Aberdare  ...         ...         ...         ...        S.  Sept.    5,1868 

M.  Aug.    3,  1872 

222  H.VRBOTTLE.  W.  H..  Orrell  Coal  and  Cannel  Co..  near  Wigan 

223  H.\RE.  S-^MUEL.  Brymbo  Collieries.  Wrexham.  North  Wales 

224  Hargrea^tes,  William,  Rothwell  Haigh,  Leeds 

225  Harle.  Richard.  Browney  Colliery.  Durham 

226  Harle.  William,  Page  Bank  Colliery,  near  Durham 

227  Harris.  W.  S..  Kil)blesworth.  Gateshead-upon-Tyne 


228  Harrison,  W.  B  ,  Brownhills  Collieries,  near  Walsall 

229  Hay,  J..  Jun.,  Widdrington  Colliery,  Acklington     

230  H.\Y,  Wm.,  Jun.,  Wood  View  House,  Stanton,  Burton-upon- 

Trent 


Dec. 

4, 

1875 

s. 

Aug. 

o 

1879 

M. 

Aug. 

1, 

1891 

Sept. 

5, 

1868 

April 

7, 

1877 

Oct. 

7, 

1876 

S. 

Feb. 

14, 

1874 

A.M. 

Aug. 

7, 

1880 

M. 

June 

8, 

1889 

April 

6, 

1867 

S. 

Sept. 

4, 

1869 

M. 

Aug. 

4, 

1874 

S. 

Dec. 

8, 

1883 

M. 

Aug. 

1, 

1891 
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231  Head,  Jeremiah,  Queen's  Square,  MidcUesbro'         

232  Hedley,  J.  J.,  Derwent  Cote  House,  Lintz  Gi'eeii  Station  ... 

233  Hedley,  J.   L.,    22,    Hawthorn   Terrace,   Newcastle-upon- 

Tyne  (Member  of  Council)  ... 

234  Hedley,  Sept.  H. .  Bank  Chambers,  Wakefield         


235  Hedley.  \V.  H.,  Cousett  Collieries,  Medomsley,  Newcastle- 

upon-Tyne 

236  Henderson.  H.,  Pelton  Colliery,  Chester-le-Street  ... 

237  Henderson,  Jos.   J.,  U.S.   Engineer's  Office,  Kingsbridge, 

New  York,  U.S. A 

2.38  Henshaw, A. MAYON,Talk-o'-th'-Hill Coll.,Stoke-upon-Trent 

239  Heppell,    T. ,    Leafield    House,    Birtley,    Chester-le-Street 

f  Member  of  Council)     ... 

240  Heslop,  C.   Upleatham   and   Lingdale  Mines,   Upleathani. 

R.S.O  ,  Yorkshire     

241  Heslop,  Grainger.  Deptford  Hall,  Sunderland 

242  Heslop,    Thomas,    Storey    Lodge    Colliery,    Cockfield,  via 

Darlington 

243*flEwiTT,  G.  C,  Coal  Pit  Heath  Colliery,  near  Bristol 

244  Hewlett,  A.,  Haseley  Manor,  Warwick 

245  HiGsox,  Jacob,  18,  Booth  Street,  Manchester 

246  Hill,  William,  Carterthorne  Coll.  Offices,  Witton-le-Wear 

247*HlLTON,  J.,  72.  Hawkshead  Street.  Southport 
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248 
249 
250 
251 
252 
253 
254 
255 
256 

257 


258 


Hilton,  T.  W.,  Wigan  Coal  and  Iron  Co..  Limited,  Wigan 

Hodgson,  John.  Edmondsley  Colliery,  Cliester  le-Strect     ... 

Holliday,  Martin  F.,  Langley  (irove,  Durham 

HoLLis,  Henry  Wm.,  North  Lodge.  Darlington        

Holmes,  C,  Grange  Hill,  near  BishojJ  Auckland 

Homer,  Charles  J.,  Stoke-on-Trent    ... 

Hood,  A  ,  6,  Bute  Crescent.  Cardiff 

Hopkins,  Edward,  13,  Hari-ington  Gardens,  London,  S.W. 

Horsley,  W.,  Whitehill  Point,  Percy  Main,  Newcastle-upon- 
Tyne 

HosKOLD.  H.  D..  Inspector  General  of  Mines  of  the  ^^rgentine 
Pvepublic,  and  Director  of  the  National  Department  of 
Mines  and  Geology,  Casilla  Correos,  900.  Buenos  Ayres 

Hunter,  J. 


259  Hurst,  George,  58,  Eldon  Street,  Newcastle-upon-Tyne 

260  Jackson,  W.  G.,  Hicklam  House.  Aberford,  near  Leeds 

261  J.A.CQUES,  J.   ROUTLEDGE 

262  Jarratt,  J.,  Houghton  Main  Colliery,  near  Barnsley 

203  Jeffcock,  T.  W.,  18,  Bank  Street,  Sheffield 

264  Jenkins,  W..  Ocean  Collieries,  Treorky,  Glamorganshire 


Date  of  Election 

and  of  Transfer. 

Aug. 

3,  1889 

S  April 

6,  1872 

M.  Aug. 

4,  1874 

S.  Feb. 

5,  1870 

M.  Aug. 

2,  1873 

S.  Feb. 

15,  1879 

A.M.  Aug. 

1,  1885 

M.  Aug. 

3,  1889 

Aug. 

3,  1865 

Feb. 

14,  1874 

June 

13,  1891 

June 

8,  1889 

Aug. 

6,  1863 

S.  Feb. 

1,  1868 

M.  Aug. 

2,  1873 

Oct. 

5,  1872 

S.  Oct. 

2,  1880 

A.AI.  Aug. 

4,  1888 

M.  Aug. 

.3,  18S9 

June 

3,  I87I 

.Mar. 

7,  1861 

Aug. 

7,  1852 

A.M.  June 

9,  1883 

M.  Aug. 

3,  1889 

S.  Dec. 

7,  1867 

M.  Aug. 

6,  1870 

Aug. 

3,  1S65 

Oct. 

8,  18S9 

May 

1,  1875 

June 

8,  1889 

April  11,  1874 

Aug. 

3,  1865 

May 

2,  1861 

Oct. 

8,  ISS'J 

Mar. 

5,  1857 

April 

1,  1871 

S.  Mar. 

6,  1869 

M.  Aug. 

7,  1875 

S.  April  14,  1883 

M  Aug. 

1,  1891 

June 

7,  1873 

.June 

8,  1889 

Nov. 

2,  1867 

Sept. 

4,  1869 

Dec. 

6,  1862 

28 


LIST   OF   MEMBEES. 


265  Jen-kins.  Wm  ,  Consett  Iron  Works,  Consett,  Durham 

266  Jepsox,  H.,  20,  The  Avenue,  Durham  


267*JoBLiNG,  Thos.  E  ,  Croft  Villa,  Blyth,  Northumberland 


2fi8  Johnson,  J.,  Carlton  Main  Colliery,  Barnsley 
269  Johnson,  W.,  Abram  Colliery,  Wigan 


270  Johnson,  Wm.,  Radcliffe  CoUiery,  Acklington,  Northum- 

berland 

271  JoiCEY,  J.  G.,  Forth  Banks  West  Factory,  Newcastle-upon- 

Tyne     

272  JoiCEV,  W.  J.,  Sunningdale  Park,  Berkshire 

273  Kayll,  a.  C,  Gosforth,  Newcastle-upon-Tyne  

27-t  Kellett,  William,  Portland  Bank,  Southport        

275  Kendall,  John  D.,  Foxhouses  Road,  Whitehaven 

276  KiRKBY,  J.  W.,  Kirklaud,  Leven,  Fife  

277  KiRKUP,  J.  P.,  Pelton  House,  Chester-le-.Street 

278  KiRKCP,  Philip,  Cornsay  Colliery  Office,  Esh,  near  Durham 


279  KiRTON,  Hugh,  Waldridge  Colliery,  Chester-le-Street 


Date  of  Election 
and  of  Transfer. 

May  2,  1874 

S   July  2,  1872 

A.M.  Aug.  2,  1879 

M.  Jime  8,  1889 

S.  Oct.  7,  1876 

A.M.  Aug.  4,  1883 

M.  June  8,  1889 

Mar.  7,  1874 

S.  Feb.  14,  1874 

A.M.  Aug.  2,  1879 

M.  June  8,  1889 

Dec.     9,  1882 

April  10,  1869 
Mar.    6,  1869 


280  Knowles,  John,  Westwood,  Pendlebury,  Manchester 
281*Knowles,  Robert,  Ednaston  Lodge,  near  Derby 

282  L.UIB,  R.,  Bowthorn  Coll.,  Cleator  Moor,  near  Whitehaven 

283  Lamb,  R.  O.,  West  Denton,  Newcastle-upon-Tyne 

284  Lamb,  Richd.  W.,  29,  Great  Cumberland  Place,  London,  W 

285  Lancaster,  John,  Anfield  House,  Leamington         

286  Lancaster,  John,  Auchinheath,  Southfield  and  Fence  Col 

lieries,  Lcsmahagow 

287  Landale,  a..  Comely  Park  Place,  Dunfermline        

2SS*L.tP0RTE,  H..  Flenu,  near  Mons,  Belgium       

289  Laverick,   John  Wales,  Tow  Law  Colliery  Office,  Tow 

Law,  R.S.O.,  Co.  Durham  

290  Laverick,  Robt.,  West  Rainton,  Fence  Houses 

291  Lawrence,  H.,  Grange  Iron  Works,  Durham  (Member  of 

Council) 

292  Laws,  W.  G.,  Town  Hall,  Newcastle-upon-Tyne      ... 

293  Leach,  C.  C,  Seghill  Colliery,  Northumberland      ... 


294  Leboub,  G.A.,  Durham  College  of  Science,  Newcastle-upon- 
Tyne     


vS.  Oct. 
M.  Aug. 

June 

Oct. 

Feb. 

April  11, 

S.  Mar.    2, 

A.M.  Aug.    7, 

M.  Aug.    3, 

S.  April  7, 

Aug.    1, 
M.  June    8. 

Dec.     5, 

April  10, 


A.M. 


1876 
1889 
1878 
1874 
1873 
1891 
1878 
1886 
1889 
1877 
1885 
1889 
1856 
1886 


A.M 
M. 


S. 

A.M. 

M. 


Sept. 
Aug. 
Nov. 
Mar. 

Sept. 

Dec 

May 

Dec. 

Aug 

Sept. 

Aug. 

Oct. 

Mar. 

Aug. 

Aug. 


2,  1865 
2,  1866 
2,  1872 
2,  1865 

7,  1878 

2,  1858 

5,  1877 
9,  1882 

3,  1889 
2,  1876 

1,  1868 

2,  1880 
7,  1874 

6.  1881 

4,  1883 


Feb.  1,  1873 
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and  of  Transfer. 

295  Lee,  John  F.,  Castle  Eden  Colliery,  Co.  Durham A.M.  June  13,  18S5 

M.  Aug.  3,  1889 

296  Lever,  Ellis,  Fan-y-Bryn,  Colwyn  Bay         Aug.  1,1861 

297  Lewis,  Sir  William  Thomas,  Mardy,  Aberdare      ..          ...            Sept.  3,1864 

298  LiDDELL,  G.  H S.  Sept.  4,1869 

M.  Aug.  3,  1872 

299  LiDDELL,  J.  M.,  3,  Victoria  Villas,  Newcastle-upon-Tyne  ...        S.  Mar.  6,  1875 

A.M.  Aug.  6,  1881 

M.  June  8,  1889 

300  LiNSLEY,  R.,  Cramlington  Colliery,  Northumberland           ...             July  2,1872 

301  LiNSLEY,  S.  W.,  Whitburn  Colliery,  South  Shields Sept.  4,1869 

302  LiSHMAN,  R.  R. ,  Durham  Main  Colliery,  Durham     S.June  9,1883 

M.  Aug.  1,  1891 

303  LiSHMAN,  T.,  Hetton  Colliery,  Fence  Houses             S.Nov.  5,1870 

M.  Aug.  3,  1872 

304  Llshman,  Wm.  ,  Holly  House,  Witton-le- Wear  4pril  1,  1858 

305  LiSHMAN,    Wm.,    Bunker    Hill,    Fence    Houses   (Retiring 

Vice-President)       Mar.  7,  1861 

306  Lisle,  J.,  De  Beers  Mine,  Kimberley,  South  Africa             ...        S.  July  2,  1S72 

A.M.  Aug.  3,  1878 

M.  June  8,  1889 

307  LiVEiNO,  E.  H.,  52,  Queen  Anne  Street,  Cavendish  Square,        S.  Sept.  1,  1877 

London,  W.     ..."       A.M.Aug.  2,1884 

M.  Aug.  3,  1889 

308  LiVESEY,  C,  Bradford  Colliery,  near  Manchester     -Aug.  3,  1865 

309  LiVE-SEY,  T.,  Bradford  Colliery,  near  Manchester     S.Nov.  7,1874 

M.  Aug.  7,  1875 

310  Llewellin,   David  Morcian,  Glanwern  Offices,  Pontypool            May  14,  1881 

311  Logan,  William,  Langley  Park  Colliery,  Durham Oct,  5,  1867 

312  LoNGBOTHAM,     JONATHAN,     Barrow    Collieries,     Barnsley,        S.  May  2,  1868 

Yorkshire        M.  Aug.  2,  1873 

313  LoNGRiDGE,  Jethro,  Coxlodge    Colliery,    Newcastle-upon- 

Tyne     Dec.  14,  1889 

314  LowDON,  Tho.s.,  Hamsteels,  near  Durham      Dec.  14,1889 

315  Lupton,  A.,  6,  De  Grey  Road,  Leeds Nov.  6,1869 

316  MacCabk,   H.    O.,   Russell  Vale,  Wollongong,  New  South        S.  Sept.  7,  1878 

Wales A.M.Aug.  7,1880 

M.  Aug.  3,  1889 

317  Maddison,  Thos.  R.,  Dirtcar  House,  near  Wakefield         ...        S.  Mar.  3,  1877 

A.M.  Aug.  6,  1881 

M.  June  8,  1889 

318  Maddison,  W.  H.  F.,  The  Lindens,  Darlington        June  14,  1890 

319  Makepeace,  H.  R.,  Newcastle,  Staffordshire            S.  Mar.  3,  1877 

A.M.  Aug.  6,  1881 

M.  June  8,  1889 

320  Maling,  C.  T.,  Ellison  Place,  Newcastle-upon-Tyne           ...             Oct.  5,  1872 

321  Mammatt,  J.  E.,  St.  Andrew's  Chambers,  Leeds      Aug.  3,1865 

322  Markham,  G.  E.,  Howlish  Offices,  Bishop  Auckland          .,          S,  Dec.  4,  1875 

A.M.  Aug.  7,  1880 

M.  June  8,  1889 
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3-^3  MiRLEY,  J.  W.,  Thornfield,  Darlington         S.Aug.     1,1868 

M.  Aug.    2,  1873 

324  Marshall,  F.C,  Messrs.  R.  and  W.  Hawthorn,  St.  Peter's, 

Newcastle-upon-Tyne  Aug.    2,  1866 

325  Martex,  E.  B.,  Pedmore,  near  Stourbridge July    2,  1872 

326  Martix,  T.  P. ,  Allhallows  Colliery,  Mealsgate,  Carlisle     ...  Feb.   15,1879 

327  Matthews,  J.,  Messrs.  R.  and  W.  Hawthorn,  Newcastle- A.M.  April  11,  1885 

upon-Tyne       M.  Aug.    3,  1889 

328  Matthews,  R.  F.,  Harehope  Hall,  Alnwick  Mar.    5,  1857 

329  Maughajs',  J.  A.,  Government  Central  Provinces'  Collieries,        S.  Nov.    7,  1863 

Umaria,  vtaKatni,  C.P.,  India     M.Aug.    6,1870 

330  May,  G.  ,  Harton  Colliery  Offices,  near  South  Shields  (Re- 

tiring Vice-President)     Mar.    6,  1862 

331  McCarthy,  E.  T.,  Eloiyang,  Gleneldou  Road,  Streatham,  A.M.  Oct.      8,  1887 

S.W.,  near  London M.Aug.  3,1889 

332  McCreath,  J.,  203,  St.  Vincent  Street,  Glasgow      Mar.  5,1870 

333  McCuLLOCH,  David,  Beech  Grove,  Kilmarnock,  N.B.         ...  Dec.  4,  1875 

334  McLaren,  B.,  Heddon  Coal  and  Fire  Brick  Co.,  Wylam-  S.  Dec.  8,  1883 

upon-Tyne       A.M,  Aug.     4,  1888 

M.  Aug.     3,  1889 

335  McMcrtrie,  George  Edwin  James,  Foxes  Bridge  Colliery,        S.  Aug.     2,  1884 

Ciuderford,  Gloucestershire            M.  Dec.  12,  1891 

336  McMurtrie,  J.,  Radstock  Colliery,  Bath      •     ...  Nov.  7,1863 

3.37  Merivale,  Prof .  J.  H. ,  2,  Victoria  Villas,  Newcastle-upon- 
Tyne  ('J/ewfcer  o/ Cojm«7;             May  5,1877 

33S*Meriv ale,  \V. ,  The  Deanery,  Ely        A.M.  Mar.    5,1881 

M.  Aug.    3,  1889 

339  Meysey-Thomp.son,  A.  H.,  Sun  Foundry,  Leeds      A.M.  April   3,  1889 

M.  Aug.    3,  1889 

340  Middleton,  Robert,  Sheep  Scar  Foundry,  Leeds Aug.    1,1891 

341*MiLLER,  N.,  31,  Hyde  Lane,  Hyde,  near  Manchester         ...  A.M.  Oct.      5,  1878 

M.  Aug.     3,  1889 

342  Mitchell,  Chas.,  Jesmond,  Newcastle-upon-Tyne April  11,  1874 

343  Mitchell,  Joseph,  Mining  Offices,  Eldon  Street,  Barnsley  Feb.   14,  1874 

344  Mitchinson,    R.,    Pontop   Colliery,    Lintz    Green    Station, 

Co.  Durham Feb      4,  1865 

345  MoNKHorsE,  Jos.,  Gilcrux,  Cockermouth       June    4,  1863 

340  Moor,  Wm.,  Ocean  House,  Hartlepool  S.July     2,1872 

M.  Aug.    4,  1877 

347  Moore,  R.  W.,  Somerset  House,  \Yhitehaven  S.  Nov.     5,  1870 

M.  Aug.     4,  1877 

348  Moore,  William,  Loftus Mines,  Loftus-in-Cleveland,  R. 8.0.  A.M.  Nov.  19,  1881 

M.  Aug.    3,  1889 

349  Moreing,  C.  A.,  Suffolk  House,  Laurence  Pountney  Hill,        S.  Nov.    7,  1874 

London,  E.C.  A.M.  Aug.     6,  1881 

M.  Aug,    3,  1889 

350  MoRisoN,  John,  Newbattle  Collieries,  Dalkeith,  N.B.        ...  A.M.  Dec.     4,  1880 

M.  Aug.  3,  1889 
351*M0RT0N,   H.   J.,   2,   Westbourne  Villas,  South  Cliff,  Scar- 
borough                         Dec.  5,  1S50 

352  Mountain,  William  C.  ,  Forth  Banks,  Newcastle-upon-Tyne  April  9,  1892 
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353  MuLHOLLAXD,  M.  L.,  West  Cornforth,  R.S.O.,  Co.  Durham  A.M.  Dec.  11,  1886 

M.  Aug.  3,  1889 

354  MuNDLE,    Arthur,    St.    Nicholas'    Chambers,    Newcastle-        S.  June    5,  1875 

upon-Tyne       M.  Aug.  4,  1877 

355  MuRTON,  Chas.  J.,  Delaval  Benwell  Colliery,  Newcastle-        S.  Mar.  6,  1880 

upon-Tyne       A.M.  Aug.  3,  1887 

M.  Aug.  3,  1889 

356  MusGRAVE,  Hen-ry,  Havercroft  Main  Colliery,  Wakefield...  A.M.  June  12,  1886 

M.  Aug.  3,  1889 

357*Nasse,    Rudolph,    Geheimerbergrat,    Durnsbergstrasse,   6, 

Berlin,  W.,  Germany  Sept.    4,  1869 

358  Nevin,  John,  Littlemoor,  Mirfield,  Normanton       S.  May  2,  1868 

M.  Aug.  5,  1871 

359  NiCHOL,  Wm.,  De  Beers  ]\Iine,  Kimberley,  South  Africa    ...  A.M.  Oct.  9,  1886 

M.  Aug.  3,  1889 

360  Nicholson',  Marsh.all,  Middleton  Hall,  Leeds        Nov.  7,  1863 

361  North,  F.  W.,  Rowley  Hall  Coll.,  Dudley,  Staffordshire...             Oct.  6,  1864 

362  Gates,  Robert  J.  W.,  Rajdoha  Mining  Company,  Limited,        S.  Feb.  10,  1883 

via  Kalkapur,  P.O.  Dhalbhoom,   Singhbhoom,  Bengal,  A.M.  Aug.  1,  1891 

India M.  Dec.  12,  1891 

363  Ogden',  John  M.,  Sunniside,  Sunderland         Nov.  3,1866 

364  Ogilvie,    a.    Graeme,    8,    Grove    End    Road,   St.   John's 

Wood,  London           Mar.  3,  1877 

365  Ornsby,   R.   E.,  Seaton  Delaval  Colliery,  Nevvcastle-upon-        S.  Mar.  6,  1875 

Tyne A.M.  Aug.  4,  1883 

M.  June  8,  1889 

366  Palmer,  Sir  Chas.  M.\rk,  Bart.,  M.P.,  Quay,  Newcastle- 

upon-Tyne      ...         ...         ...         ...  ^      ...         ...          ..             Nov.  5,  1852 

367  Palmer,  A.  S.,  Highfield  House,  Gatesliead  ...         ...         ...             July  2,  1872 

368  Palmer,    Henry,    East   Howie    Colliery,    near     Ferryhill        S.  Nov.  2,  1878 

(Member  of  Co  unci/ J            A.M.Aug.  4,1883 

M.  Aug.  3,  1889 

369  Pamely,  C,  21,  Morgan  Street,  Pontypridd,  South  Wales        S.  Sept.    5,  1868 

M.  Aug.  5,  1877 

370  Panton,  F.  S.,  Silksworth  Colliery,  Sunderland       S.  Oct.  5,  1867 

M.  Aug,  4,  1874 

371  Parrington,    M.    W.,     Wearmouth   Colliery,    Sunderland        S.  Dec.  1,  1864 

(Member  of  Council)            M.Aug.  6,1870 

372  Parsons,  Hon.  Charles  Algernon,  Elvaston  Hall,  Ryton-  A.M.  June  12,  1886 

iipon-Tyne        M.  Aug.  3,  1889 

373  Peace,  M.  W.,  Wigan,  Lancashire       July  2,  1872 

374  Peake,  C.  E S.  Nov.  3,  1877 

A,M.  Aug.  2,  1884 

M.  Aug.  3,  1889 

375  Peake,  R.  C,  Cumberland  House,  Redl)ourn,  Herts           ...        S.  Feb.  7,  1880 

A.M.  Aug.  7,  1886 

M   Aug.  3,  1889 

376  Pearce,  F.  H.,  Westlei-h,  Harrogate             Oct.  1,  1857 
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377  Pbase,    Sir  J.  W.,  Bart.,  M.P.,  Hutton  Hall,  Guisbrough, 

Yorkshire 

378  Peile,  William,  Cartgate,  Hensingham,  Whitehaven 

379  Pickup,  P.  W.,  71,  Preston  New  Road,  Blackburn 

3S0  Plcmmer,  Johx,  H.M.  Inspector  of  Mines,  Bishop  Auckland 

381  Potter,  Addisox,  C.B.  ,  Heaton  Hall,  Newcastle-upon-Tyne 

382  Potter,  A.  M  ,  Riding  Mill-i;pon-Tyne  (Member  of  Council) 

383  Potter,  C.  J.,  Heaton  Hall,  Newcastle-on-Tyne 

3S4  Potts,  Jos.,  Jun.,  North  Cliff,  Roker,  Sunderland 

385  Prest,  J.  J.,  Kimblesworth  Colliery,  Chester-le-Street 


386  Price,  J.,  6,  Osborne  Villas,  Jesmond,  Newcastle-upon-Tyne 

387  Price,  J.  R 

388  Price,  S.  R.,  c/o  Messrs.  Forster  Brown  and  Rees,  Guild- 

hall Chambers,  Cardiff         

389  Prixgle,  Edward,  Choppington  Colliery,  Northumberland 

390  Pringle,    H.    a.,    The   Southern    Coal   Company   of   New 

South  Wales,  Limited,  WoUongoug,  New^  Soutli  ^Vales 
391*Prior,  Edward  G.,  Victoria,  British  Columbia       

392  Proctor,  C.  P.,  Lightcliffe,  near  Halifax,  Yorkshire 

A 

M.  June    8,  1889 

393  Ramsay,  J.   A.,  Sherburn  and  Littletown  Collieries,  near 

Durham  Mar.    6,  1869 

39.4  Ramsay,  Wm.,  Tursdale,  Co.  Durban  Sept.  II,  1875 

395  Rathboxe,  Edgar  P.,  Johannesburg,  P.O.  Box  563,  Trans-        S.  Mar.    7,  1874 

vaal,  South  Africa A.M.Aug.     1,1879 

M.  June    8,  1889 

396  Redmayne,  Richard  Acgustixe  Studdert,  Ingagane  Rail-        S.  Dec.   13,  1884 

way  Station,  near  Newcastle,  Natal,  South  Africa       ...       M.  Dec.   12,  1891 

397  Reid,  Andrew,  jNTewcastle-upon-Tyne  April  2,  1870 

398  Reid,  Fraxcis,  Forth  House,  Newcastle-upon-Tyne  ...  April  9,  1892 

399  Rhodes,  C.  E.,  Carr  House,  Rotherham         Aug.    4,1883 

400  Rich,  William,  Minas  de  Rio  Tinto,  Provincia  de  Huelva,  A.M.  June    9,  1888 

Spain ^L  Aug.     3,  1889 

401  Richardson,  H.,  Backworth  Colliery,  Newcastle-upon-Tyne 

[Member  of  Council)  ilar.    2,  1 865 

402  Richardsox,  Ralph,  Whitburn  Colliery,  South  Shields    ...        S.  June    9,  1883 

M.  Aug.    1,  1891 

403  Ridley,  G.,  16,  Dean  Street,  Newcastle-upon-Tyne S.  Feb.     4,  1865 

M.  Aug.     1,  1868 

404  RiDYARD,  J.,  Bridgewater  Offices,  Walkden,  near  Bolton- 

le-Moors,  Lancashire  >  ov.    7,  1874 

405  RiTSOX,  U.  A.,  15,  Queen  Street,  Newcastle-upon  Tyne     ...  Oct.     7,  1871 
406*Robertsox,    J.    R.   M.,    Linton,    Mitson's  Point,   Sydney, 

N.S.W ...  Aug.    2,  1890 


Date  of  Election 
and  of  Transfer. 

Mar. 

5,  1857 

S. 

Oct 

1,  1863 

M. 

Aug. 

6,  1870 

Feb. 

6,  1875 

June 

8,  1889 

Mar. 

6,  1869 

S. 

Feb. 

3,  1872 

M. 

Aug. 

5,  1876 

Oct. 

3,  1874 

Dec. 

6,  1879 

S. 

May 

1,  1875 

A.M. 

Aug. 

4,  1883 

M. 

June 

8,  1889 

Mar, 

3,  1877 

S. 

Aug. 

7,  1869 

M. 

Aug. 

7,  1875 

S. 

Nov. 

3,  1877 

A.M. 

Aug. 

1,  1885 

M. 

Aug. 

3,  1889 

Aug. 

4,  1877 

S. 

Oct. 

2,  1880 

M. 

Aug. 

3,  1889 

Feb. 

7,  1880 

S. 

,  Oct. 

7,  1876 

A.M. 

Aug. 

1,  188.1 
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407  Robertson,  W.,  123,  St.  Vincent  Street,  Glasgow 

408  Robinson,  G.  C,  Brereton  and  Hayes  Colliery,  Rugeley, 

Staffordshire  ... 

409  Robinson,     John    Thomas,    Beechburn    Colliery,    Crook, 

R.S.O.,  Co.  Durham  

410  Robinson,  R.,  Howlish  Hall,  near  Bishop  Auckland  (Mem- 

ber of  Gouiicil) 

411  RoBSON,  J.  S.,  Butterknowle  Colliery,  via  Darlington 

412  Robson,    T.    0.,    Chowdene   Cottage,    Low  Fell    (Member 

of  Council)      

413  Rochester,  William,  River  View,  Blaydon-upon-Tyne    ... 

414  RoGERSON,  .John,  Croxdale  Hall,  Durham      

415  RoscAMP,  J.,  Shilbottle  Colliery,  Lesbury,  R.S.O.,  North- 

umberland 

416  Ross,  J.  A.  G.,  Newcastle-upon-Tyne 

417  RossER,  W.,  Rhydyrhelig,  Sketty,  Swansea 

418  RoTHWELL,  R.  P.,  27,  Park  Place,  New  York,  U.S. 

419  RouTLEDGE,  Jos. ,  Greeubank,  Chestcr-le-Street 

420  RouTLEDGE,  \V.  H.,  The  Rhyd,  Tredegar,  Mon.,  Wales    ... 


421  Russell,  Robert,  Coltness  Iron  Works,  Newmains,  N.B. .  . 

422  Rutherford,  \V.,  South  Dcrwcnt  Colliery,  Anntield  Plain, 

Lintz  Green 

423  Ryder,   W.   J.    H.,   Messrs.   Mills  and  Sons,   Collingwood 

Street,  Newcastle-upon-Tyne         ...         ...         
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Date  of  Election 

and  of  Transfer. 

Mar.  5,  1870 

Nov.  5,  187') 

Feb.  13,  1892 

Feb.  1,  1868 

May  15,  1862 

s. 

Sept.  11,  1875 

A.M 

Aug.  2,  1884 

M. 

June  8,  1889 

Dec.  13,  1891 

Mar.  6,  1869 

Feb.  2,  1867 

July  2,  1872 

Aug.  6,  1857 

Mar.  5,  1870 

Sept.  11,  1875 

S 

Oct.  7,  1876 

A.M 

Aug.  1,  1885 

M 

June  8,  1889 

Aug.  3,  1878 

Oct.  3,  1874 

Nov.    4,  1876 


424  Saise,  Walter,  Manager,  E.I.R.  Collieries,  Giridi,  Bengal, 

India     ...         ...         ...         ...         ...         ...         

425  Samborne,  John  Stukely  Palmer,  Tinisbury  House,  Bath 

426  Sawyer,  A.   R.,  late  H.M.  Inspector  of  Mines,  P.O.  Box 

1,030,  Johannesburg,  Transvaal    ... 

Ti-ansactions  to  40,  Brompton  Square,  London,  S.  W. ... 

427  Scarth,  W.  T.,  Raby  Castle,  Staindrop,  Darlington 

428  Scott,  Andrew,  Broomhill  CoUiei-y,  Acklington      

429  Scott,  C.  F.,  Grove  Cottage,  Leadgate,  Co.  Durham 

430  Scott,  Ernest,  Close  Works,  Newcastle-upon-Tyne 

431  Scott,  Joseph  S.,  Trim  don  Grange      

432  Scott,  Walter,  46,  Senhouse  Street,  Maryport       

433  ScouLAR,  G.,  Cleater  Moor,  wo.  Carnforth      

434  Selby,  Atherton,  Leigh,  near  Manchester 

435  Seymour,  L.   Irving,  De  Beers  Consolidated  Mines,  Ld., 

Kimberley,  South  Africa 

436  Shaw,  W.,  Wellington  Cast  Steel  Foundry,  Middlesbrough 

437  Shiel,  John,  Framwellgate  Colliery,  Co.  Durham 

438  Shipley,  T.,  Woodland  Colliery  Office,  Woodland,  Butter- 

knowle, R.S.O.,  Co.  Durham         


A.M. 

Nov. 

3, 

1877 

M. 

Aug. 

3, 

1889 

Aug. 

1, 

1891 

s 

Dec. 

6, 

1873 

A.M 

Aug. 

2, 

1879 

M 

June 

8, 

1889 

April 

4, 

1868 

Dec. 

7, 

1867 

S. 

April 

11, 

1874 

M. 

Aug. 

4, 

1877 

April 

9, 

1892 

S. 

Nov. 

19, 

1881 

M. 

April 

9, 

1892 

S. 

Sept. 

6, 

1879 

M 

Aug. 

3, 

1889 

July 

2, 

1872 

Oct. 

13, 

1883 

Feb. 

14, 

1891 

June 

3, 

1871 

May 

6, 

1871 

A.M 

Aug. 

2, 

1884 

M. 

Aug. 

3, 
C 

1889 
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439  Shone,  Isaac,  Great  George  Street  Chambers,  Parliament 

Square,  London,  S.  W Feb.     3,18.59 

440  Shore,  Wm.  Martin,  Kaitangata  Railway  and  Coal  Co. 's  A. M   April  13,  1889 

Collieries,  Otago,  New  Zealand      M.Aug.     3,1889 

441  Shcte,  C.  a.,  Portland  House,  Eastbourne,  Darlington     ...  April  11,  1874 

442  Simpson,  F.  L.  G.,  Mohpani  Coal  Mines,  Gadawai-ra,  C.P.,  A.M.  Dec.    13,  1884 

India    ... 

443  Simpson,  F.  R.,  Cannock  Chase  Colliery,  Walsall    

444  Simpson,  J.,  Heworth  Colliery,  Felling,  R.S.O.,  Co.  Durham 

445  Simpson,    J.    B.,    Hedgefield    House,    Blaydon-upon-Tyne 

CPreside^t,  Me^nber  of  Council)  ... 

446  Simpson,  R.,  Moor  House,  Ryton-upon-Tyne 

447  Slinn,  T.,  Plashetts  Colliery,  Falstone,  Northumberland  ... 

448  Smith,  ErsT.\CE,  Newcastle-upon-Tyne  

449*Smith,  R.  Clifford,  Ashford  Hall,  Bakewell  

450  Smith,  T.  E.,  Phcenix  Foundry,  Newgate  Street,  Newcastle- 

upon-Tyne 

451  Sopwith,  a.,  Cannock  Chase  Collieries,  near  Walsall 

452  Sopwith,    Thos.,   6,  Great    George    Street,    Westminster, 

London,  .S.W. 

453  Southern,  E.  0.,  Ashington  Colliery,  near  Morpeth 


454  Southern,  R.,  Burleigh  House,  The  Parade,  Tredegarville, 

Cardiff 

455  Southworth,  Thos.,  Hindley  Green  Collieries,  near  Wigan 

456  Sparkes,  J.,  Jun.,  Chester  Park,  Fishponds,  Bristol 

457  Spence,  R.  F.,  Cramlington,  R.S.O.,  Northumberland 


458  Spencer,  Francis  H.,  Robinson   Gold  Mining  Co.,    Wit- 

watersrand 

459  Spescer,  John,  Westgate  Road,  Newcastle-upon-Tyne 

460  Spencer,  John  W.,  Ncwburn,  near  Newcastle-upon-Tyne... 

461  Spencer,  T.,  Ryton,  Newcastle-upon-Tyne 

462  Stansfeld,  Harold  Sincl.air,  Flocktou  .Manor,  Wakefield  A.M.  Oct. 

463  Ste.wenson,  A.  L.,  Durham  (Vice-President,  Member  of 

Council)  t)ec.     6,  1855 

464  Stephenson,  (i.   R.,  9,  Victoria  Chambers,  Westminster, 

London,  S.W. 

465  Stevens,  James,  9,  Fenchurch  Avenue,  London,  E.C. 

466  Stobart,  F.,  Biddick  Hall,  Fence  Houses      


467  Stobart,  H.  T.,  Wearmouth  Colliery,  Sunderland 


M.  Aug. 

3,  1889 

S.  Aug. 

4,  1883 

M.  Aug. 

1,  1891 

S.  Dec. 

6,  1866 

M.  Aug. 

1,  1868 

Oct. 

4,  1860 

Aug. 

21,  1852 

July 

2,  1872 

A.M.  Jime 

11,  1887 

M.  Aug. 

3,  1889 

Dec. 

5,  1874 

Dec. 

5,  1874 

Aug. 

6,  1863 

Mar. 

3,  1877 

S.  Dec. 

5,  1874 

A.M.  Aug. 

1,  1885 

M.  June 

8,  1889 

Aug. 

3,  1865 

May 

2,  1874 

April 

9,  1892 

S.  Nov. 

2,  1878 

A.M.  Aug. 

2,  1884 

M.  Aug. 

4,  1889 

Dec. 

13,  1890 

Dec. 

4,  1869 

May 

4,  1878 

Dec. 

6,  1866 

A.M.  Oct. 

13,  1888 

M.  Aug. 

3,  1889 

Oct. 

4,  1860 

Feb. 

14,  1885 

S.  Aug. 

2,  1873 

A.M.  Aug. 

5,  1882 

M.  June 

8,  1889 

S.  Oct. 

2,  1880 

A.M.  Aug. 

4,  1888 

M.  Aug. 

3,  1889 
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468  Stobart,  W.,  Pepper  Arden,  Northallerton 

469  Stobart,  Wm.  Rydkr,  Etherley  Lodge,  Darlington 

470  Stobbs,  Jno.  T.,  Walker  Colliery,  Walker-upon-Tyne 

471  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street 


472  Storey,   Thos.    E.,  Clough  Hall   Iron  Works,   Kidsgrove, 

Staffordshire  ... 

473  Straker,  J.  H.,  Stagshaw  House,  Corbridge-upon-Tyne    ... 

474  Stratton,    T.    H.    M.,    Cramlington   House,    Northumber- 

land (Member  of  Counril )   ... 

475  Streatfield,  Hugh  S.,  Ryhope  Colliery,  near  Sunderland 

476  Swallow,  J.,  Bushblades  House,  Lintz  Green,  Newcastle- 

upon-Tyne 

477  Swallow,  R.  T.,  Wardley  Hall,  Newcastle-upon-Tyne 

478  Swan,  H.  F.,  Beaufront  Castle,  Hexham        

479  Swan,  J.  G.,  Upsall  Hall,  near  Middlesbrough  

480  Tate,    Simon,    Trimdon    Grange    Colliery,    Co.    Durham 

( Member  of  Council ) 

481  Taylor,  Hugh,  Ring  Street,  Quay,  Newcastle-upon  Tyne... 

482  Taylor,  T.,  Quay,  Newcastle  upon-Tyne       

483  Taylor-Smith,  Thomas,  Heathdale,   Gosforth,  Newcastle- 

upon-Tyne 

484  Teasdale,  Thomas,  Middridge,  via  Heighington,  R.S.O.  ... 

485  Telford,  W.  H.,  HedleyHope  Collieries,  Tow  Law,  R.S.O., 

Co.  Durham    ... 

486  Thompson,  Charles  Lacy,  Farlam  Hall,  Milton.  Carlisle... 

487  Thompson,  R.,  Jun.,  19,  The  Crescent,  Gateshead-upon-Tyne 

488  TifOMPSON,    W.,   Ross  Buildings,  Charters  Towers,   North 

Queensland,  Australia 

489  Thomson,  John,  Eston  Mines,  by  Middlesbrough 

490  Thomson,  Jos.  F.,  Manvers  Main  Colliery,  Rotherham 

491  Tinker,  J.  J.,  Hyde,  Manchester        

492  Tinn,  J.,  Ashton  Iron  Rolling  Mills,  Bedminster,  Bristol  ... 

493  Todd,  John  T.,  Bedford  Lodge,  Bishop  Auckland   .. 


494*Tyers,  John  E.  ,  Nerbudda  Coal  and  Iron  Company,  Limited, 
Mohpani  Coal  Mines,  ria  Gadawarra,  C.  Provinces,  India 

495  Tyzack,  D.,  71,  Westgate  Road,  Newcastle-upon-Tyne     ... 

496  Varty,   Thomas,    Skelton   Park   Mines,   Skelton,    R.S.O., 

Cleveland        Feb.    12,  1887 

497  Vitanoff,  Geo.  N.,  Sophia,  Bulgaria  ...         A.M.  April 22,  1882 

M.  Aug.    3,  1889 

498  Vivian,  John,  Diamond  Boring  Company,  Whitehaven  ...  Mar.    3,  1877 

499  Waddle,  Hugh,  Llanmore  Iron  Works,  Llanelly,  South 

Wales  , Dec.  13,  1890 


Date  of  Election 

and  of  Transfer. 

July 

12,  1872 

Oct. 

11,  1890 

Feb. 

13,  1892 

S.  Oct. 

6,  1877 

A.M.  Aug. 

1,  1885 

M.  Aug. 

3,  1889 

Feb. 

5,  1876 

Oct. 

3,  1874 

S.  Dec. 

3,  1870 

M.  Aug. 

2,  1873 

A.M.  June 

8,  1889 

M.  Aug. 

3,  1889 

May 

2,  1874 

Feb. 

5,  1863 

Sept. 

2,  1871 

Sept. 

2,  1871 

Sept. 

11,  1875 

Sept. 

5,  1856 

July 

2,  1872 

Aug. 

2,  1866 

April 

9,  1892 

S.  Oct. 

3,  1874 

A.M.  Aug. 

6,  1881 

M.  June 

8,  1889 

A.M.  Feb. 

10,  1883 

M.  Aug. 

.3,  1889 

Sept. 

7,  1867 

Aug. 

4,  1888 

April 

7,  1877 

Feb. 

6,  1875 

April 

9,  1892 

Sept. 

7,  1867 

S.  Nov. 

4,  1876 

A.M.  Aug. 

1,  1885 

M.  June 

8,  1889 

A.M.  Dec. 

10,  1877 

M.  Aug. 

3,  1889 

Feb. 

14,  1874 
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500  Wadham,  E.,  Millwood,  Dalton-in-Furaess Dec.     7,  1867 

501  Waiv,  Wm.  Holt,  Podmore  Hall  Colliery,  Newcastle-under-  A.M.  Feb.    12,  1887 

Lyne M.  Aug.     3,  1889 

502  Waj.ker,  J.   S.,  Pagefield  Iron  Works,  Wigan,  Lancashire  Dec.     4,  1869 

503  Walker,  Sydney  Ferris,  196,  Severn  Road,  Canton,  Cardiff  Dec.     9,  1882 

504  Walker,  W.,  Hawthorns,  Saltburn-by-the-Sea        Mar.    5,  1870 

505  Walker,  Wm.,  Jun.,  H.M.  Inspector  of  Mines,  Durham  ...  Aug.    3,  1889 

506  W.ALKER,  William  Edward,  Lowther  Street,  Whitehaven  Nov.  19,  1881 

507  Wallace,  Henry,  Trench  Hall,  Gateshead-upon-Tyue      ...  Nov.    2,  1872 

508  Wallau,  Jacob,  Messrs.  Black,  Hawthorn,  and  Co.,  Gates-  A.M.  Dec.   10,  1887 

head-upon-Tyne         M.  Aug.    3,  1889 

509  Walton,  J.  Coulthard,  Writhlington  Colliery,  Radstock,        S.  Nov.    7,  1874 

WaBath  A.M.Aug.  6,1881 

M.  June  8,  1889 

510  Ward,  H.,  Rodbastou  Hall,  near  Penkridge,  Stafford        ...             Mar.  6,  1862 
511*Ward,    T.    H.,    Burwadi   Bungalow,   Giridih     E.   I.   Ry.,  A.M.  Aug.  5,1882 

Bengal,  India  M.  Aug.    3,  1889 

512  Watkyx-Thomas,   W.,  Mineral  Office,  Cockerraouth  Castle  A.M.  Feb.    10,  1883 

M.  Aug.    3,  1889 

513  Watsox,  Thomas,  Trimdon  Colliery,  Trimdon  Grange       ...  Oct.    11,1890 

514  WEAR.S,  W.  G A.M.  June    9,  1888 

M.  Aug.    3,  1889 

515  Webster,  H.  Ixgham,  Morton  House,  Fence  Houses         ...  A.M.  April  14,  1883 

M.  Aug.    3,  1889  , 

516  Weeks,  J.  G.,  Bedlington,  R.S.O.,  Northumberland  (Mem- 

ber of  Council)  Feb.     4,1865 

517  Weeks,  R.  L.,  Willington,  Co.  Durham         A.M.  June  10,  1882 

M.  Aug.    3,  1889 

518  Westmacott,  P.   G.  B.,  Elswick  Iron  Works,  Newcastle- 

upon-Tyne      June    2,  1866 

519  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-upon-Tyne       S.  Nov.    4,  1876 

A.M.  Aug.     1,  1885 
M.  Aug.    3,  1889 

520  White,  H.,  Walker  Colliery,  Newcastle-upon-Tyne  ...        S.  Mar.    2,  1867 

M.  Aug.    5,  1871 

521  White,  J.  F.,  Wakefield  S.July     2,1872 

M.  Aug.  2,  1873 

522  White,  J.  W.  H.,  Woodlesford,  near  Leeds             Sept.  2,  1876 

523  Whitehead,  Jas.  ,  Brindlc  Lodge,  near  Preston,  Lancashire             Dec.  4,  1875 

524  Whitelaw,  .John,  118,  George  Street,  Edinburgh Feb.  5,1870 

525  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry          ...             Dec.  5,  1874 

526  WiDD AS,  C,  North  Bitcliburn  Colliery,  Howden,  Darlington             Dec.  5,  1868 

527  Wight,  Edwd.  S.,  Hetton  Colliei-y,  Carringtou,  near  New-  A.M.  Dec.  12,  1885 

castle,  N.S.W.           ...          M.Aug.    3,1889 

528  Wight,  V\'.  H.,  Cowpen  Colliery,  Blyth         Feb.     3,1877 

529  Williams,  Ernest,  P.O.  Box  563,  Johannesburg,  Z.A.R.  ...  Oct.    10,  1891 

530  Wilson,  J.  B.,  Wingfield  Iron  Works  and  Colliery,  Alfreton  Nov.    5,  1852 

531  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street      S.  Sept.  11,  1875 

A.M.  Aug.    1,  1885 
M.  June    8,  1889 
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532  Wilson,  John  Robinson,  H.M.  Inspector  of  Mines,  Leeds  A.M.  June    9,  1883 

M.  Aug.    3,  1889 

533  Wilson,  Robert,  Flimby  Colliery,  Maryport  Aug.     1,  1874 

534  Wilson,  W.  B.,  Tliornley  Colliery,   by  Trimdoni  Grange, 

Co.  Durham Feb.     6,  1869 

535  WIN.STANLEY,  RoBT. ,  28,  Deausgate,  Manchester      Sept.    7,  1878 

536  Winter,  T.  B.,  Grey  Street,  Newcastle-upon-Tyne Oct.      7,  1871 

537  Wood,  C.  L.,  Freeland,  Forgandenny,  Perthshire Aug.    3,  1854 

533  Wood,  Ernest  Seymour,  South  Hetton,  Sunderland        ...  Oct.    10,  1891 

539  Wood,  Lindsay,  The  Hermitage,  Chester-le-Street  (Past- 

President,  J/e7n&er  o/ Co?tH.ci7j     Oct.     1,1857 

540  Wood,  Thomas,  Rainton  House,  Fence  Houses        S.  Sept.    3,  1870 

M.  Aug.    5,  1871 

541  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  Co.  Durham  (Afember 

of  Council)      Aug.    6,1857 

542  Wood,    W.    0.,   South    Hetton,    Sunderland    (Member  of 

.    Council)  Nov.    7,  1863 

543  WoRMALD,  C.  F.,  Mayfield  Villa,  Saltwell,  Gateshead-upon-  A.M.  Dec.     8,  1883 

Tyuc M.  Aug.    3,  1889 

544  Wrightson,  T.,  Stockton-upon-Tees Sept.  13,  1873 

545  Young,  John  A.,  7,  Tyne  Vale  Terrace,  Gateshead-upon-  A.M.  Dec.   10,  1887 

Tyne M.  Aug.    3,  1889 


ASSOCIATE  MEMBERS. 

Marked  *  have  paid  life  composition. 

Date  of  Election. 

1  Armstrong,  J.  H. ,  St.  Nicholas' Chambers,  Newcastle-upon-Tyne  Aug.      1,  1885 

2  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newcastle-upon-Tyne    ...  Feb.    10,  1883 

3  AuDUS,   T.,  Mineral  Traffic  Manager,   North  Eastern  Railway, 

Newcastle-upon-Tyne        Aug.     7,  1880 

4*Bell,  Thos.  Hugh,  Middlesbrough-upon-Tees        Dec.      9,1882 

5  Bigge,   Edward    Ellison,    Tin   Mining  Association,  Blomfield 

House,  London  Wall,  London,  E.C Aug.      1,1891 

6  BuRDON,  A.  E.,  Hartford  House,  Cramlington,  Northumberland  Feb.    10,  1883 

7*Carr,    William  Cochran,   Benwell  Colliery,  Newcastle-upon- 
Tyne  Oct.  11,  1890 

8  Cochrane,  Henry  Heath,  Eshwood  Hall,  Durham        Oct.  10,  1891 

9  Cochrane,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses    ...  June  1,  1878 

10  Cochrane,  William  Percy,  6,  Tankerville  Terrace,  Newcastle- 

iipon-Tyne Oct.     10,  1891 

11  CocKBURN,  W.  C,  1,  St.  Nicholas'  Buildings,  Newcastle-upon- 

Tyne  Oct.      8,  1887 

12  Cooper,  R.  W.,  Newcastle-upon-Tyne         Sept.     4,  1880 

13  Edwards,  F.  H.,  Forth  House,  Bewick  Street,  Newcastle-upon- 

Tyne  June  11,  1887 

14  Fletcher,  William,  Brigham  Hill,  via  Carlisle Oct.    13,  1883 
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15  Foster,  T.  J.,  Coal  Exchange,  Scranton,  Pennsylvania,  U.S.     ...  Dec.    12,  1891 

16  GuTHRiK,  Reginald,  Neville  Hall,  Xewcastle-upon-Tyne  (Trea. 

SURER)  Aug.     4,  1888 

17  Hedley,  E.,  Rainham  Lodge,  The  Aveniie,  Beckenham,  Kent  ...  Dec.      2,  1858 
IS  Hedley,  J.  HrxT,  John  Street,  Sunderland  June   13,  1891 

19  Hedley,  T.  F.,  Jun.,  Sunderland      April  23,  1887 

20  Uexder.son^  C.  W.  C,  The  Riding,  Hexham         Dec.      9,  1882 

21  Henzell,  Robt.,  Close,  Newcastle-upon-Tyne        April  11,  1891 

22  Hooper,  Edward,  c/o  J.  E.  Hooper,  College  Pi-eciucts,  Worcester  June    4,  1881 

23  Hopper,  J.  I.,  Tyne  Dock,  South  Shields Dec.      8,1888 

24  Irvin'e,  Joseph,  R.,  Heudon  Ropery,  Sunderland Dec.  10,    1887 

25  JoiCEY,  James  Johx,  Suuningdale  Park,  Berks Oct.    10,  1891 

26*Pease,  Arthur,  Darlington Dec.      9,  1882 

27*Proctor,  John  H.,  29,  Side,  Newcastle-upon-Tyne  June     8,  1889 

28  Redmayxe,  R.  Normax,  26,  Grey  Street,  Newcastle-upon-Tyne     Oct.       8,  1889 

29  Richter,  F.,  Osborne  Villas,  Newcastle-upon-Tyne         Oct.     10,  1891 

30  Ridley,  Sir  Matthew  W. ,  Bart. ,  M.  P. ,  Blagdon,  Northumberland  Feb.    10,  1883 

31  SouRFiELD,  George  J.,  Hurworth-upon-Tees,  Darlington  ...  Dec.      9,  1882 

32  Shaw,   Saville,    Durham  College  of   Science,   Newcastle-upon- 

Tyne  April  13,  1889 

33  SNOWBALii,     Francis    John,     Seaton     Burn     House,    Dudley, 

Northumberland     Dec.    12,  1891 

34  ToPLEY,  William,  28,  Jermyn  Street,  London,  S.W Oct.       8,  1889 

35  WiLSox,  Arthur  P.,  Mansion  House  Chambers,  Queen  Victoria 

Street,  London,  E.C Aug.     3,  1889 


ASSOCIATES.  Date  of  Election 

and  of  Transfer. 

1  B.4RRASS,  M.,  Tudhoe  Colliery,  Spennymoor S.Feb.     9,1884 

A.  Aug.  1,  1891 

2  Bates,  Sidney,  The  Grange,  Prudhoe-upou-TjTie     Feb.  8,  1890 

3  Bell,  Joh.v,  Wardley  Colliery,  Newcastle-upon-Tyne        ...  Feb.  8,  1890 

4  BoLAM,  Philip,  Old  Benwell,   West  End,  Newcastle-upon- 

Tyne     Dec.   1?,  1891 

5  Bowes,  Thomas,  Pontop  Colliery,  Lintz  Green  Station      ...  Feb.   13,  1892 

6  Chaxdley,  Ch.\rles,  Aberdare,  South  Wales  S.  Nov.    6,  1880 

A.  Aug.    3,  1889 

7  Cheesmax,  Ed.  Taylor,  Shire  Moor  Colliery,  Newcastle- 

upon-Tyne       Aug.    2,  1890 

8  Clark,  Thomas,  Dipton  Colliery,  Lintz  Green  Station       ...  Oct.    11,  1890 

9  Draper,  William,  New  Seaham  Colliery,  Sunderland       ...  Dec.  14,  1889 


LIST   OP  MEMBERS. 

10  Foster,   John    William,    24,    Silksworth   Terrace,    New 

Silksworth,  Siinderland       

11  Fryar,  John  William,  Seghill  Colliery,  Seghill,  Northum- 

berland ...         ...         

12  Griffiths,  Ed.,  Brymbo  CoUieiy,  near  Wrexham,  North 

Wales  ... 

13  Guy,  John  George,  8,  South  Terrace,  Job's  Hill,  Crook 

K.S.O.,  Co.  Durham 

14  Hall,  John  Charles,  Pegswood  Colliery,  near  Morpeth  .. 

15  Hepburn,  Thomas,  Langley  Park,  Durham 

16  MacKinlay,  Edward,  East  Stanley  Colliery  

17  Mackintosh,  Thos.,  Waterloo,  Blyth  

18  Ma-son,  Benj.,  Burnopfield,  R.S.O.,  Durham  

19  Minto,  George  William,  Heworth  Colliery,  Heworth-upon 

Tyne 

20  Nicholson,  J.  H.,  Seaton  Delaval  Colliery,  Newcastle-upon 

Tyne 

21  Noble,  Thomas  George,  Sacriston  Colliery,  Durham 

22  Parkinson,  W.,  5,  Elm  Street,  South  Moor,  Chester-le-Street 

23  Peacock,  Thomas,  Sacriston  Colliery,  Durham         

24  Richardson,  Robert,  Blaydon  Main  Colliery,  Blaydon-upon- 

Tyne 

25  RiDDELL,    John,    Shilbottle    Colliery,    Lesbury,    R.S.O., 

Northumberland        

26  Ridley,  Geo.  D.  ,  Tudhoe  Colliery,  Spennymoor       

27  RoNTREE,  Thomas,  Harton  Colliery,  South  Shields 

28  ScoTT,    Wm.,  Erancepeth  Colliery  Offices,   W^illington,   Co 

Durham 

29  Shaw,  John,  Cramlington  Colliery,  Northumberland 

30  Southern,  John,  Heworth  Colliery,  Newcastle-upon-Tyne 

31  Steavenson,  C.  H.,  Brotton  Mines,  Brotton,  R.S.O.,  York 

shire 

32  Stephenson,  William,  Garesfield  Colliery,  Lintz  Green    .. 

33  Walton,  Matthew,  Dearham  Colliery,  Carlisle 

34  Watson,   John,    19,   Bloomfield   Terrace,  Gateshead-upon 

Tyne 
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Date  of  Election 
and  of  Transfer. 


Dec.  14,  1889 
June  14,  1890 

June  13,  1891 
Aug.    3,  1889 

Dec.  14,  1889 
Feb.     8,  1890 

June  11,  1892 
April  11,  1891 
April  11,  1891 

Oct.  10,  1891 

S.  Oct.   1,  1881 

A.  Aug.  3,  1889 

Feb.  13,  1892 

June  13,  1891 
April   9,  1892 

Feb.     8,  1890 

Dec.  14,  1889 
Feb.  8,  1890 
Aug.    2,  1890 

S.  Mar.    4,  1876 

A.  Aug.    6,  1892 

April  11,  1891 

Dec.   14,  1889 

S.  Aprill4,  1883 

A.  Aug.     1,  1891 

Dec.   13,  1890 

Dec.  14,  1889 
Dec.   12,  1891 


STUDENTS. 

Date  of  Election. 

1  Andrews,  Geo.  Murray,  Broomhill  Colliery,  Northumberland  Oct.  11,  1890 

2  Bell,  Walter,  Nunnery  Colliery  Offices,  Sheffield          Oct.  8,  1889 

3  Bitzos,  N.  J. ,  c/o  A.  G.  Sourlas,  Balouk-Bazaar,  Constantinople  Feb.  14,  1891 

4  Brown,  WestgarthF.,  Alston  House,  Cardiff      Aug.  6,1887 

5  Burn,  Frank,  H.,  Beaconsfield,  Cullercoats          Feb.  9,  1889 
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6  Carr,  John-  Evelyn,  Cowpen  Colliery,  Blyth,  Northumberland     June  S,  1889 

7  Cochrane,  Napier,  Aldin  Grange,  Durham           Dec.  8,  1888 

8  Crawford,  James  Mill,  Murton  Colliery,  near  Sunderland      ...  Dec.  9,  1882 

9  Douglas,  David,  Trimdon  Grange,  R.S.O.,  Co.  Durham             ...  Aug.  1,  1891 

10  Forster,  George  W.,  New  .Seaham  Colliery  Office,  Simderland...  Oct.  8,  1887 

11  Haggie,  Douglas,  The  Arcade,  Barnsley April  14,  1883 

12  Hall,  Fred.  W.,  Haswell  Lodge,  Sunderland       June  8,  1889 

13  HuTT,    E.    H.,    Holdfast    Main   Reef    Gold    Mining    Company, 

Limited,  Boksburg,  Z.A.R Aug.  4,  1883 

14  Kellett,  Matthew  H.,  5,  Elm  Street,  South  Moor,  Chester-le- 

Street            April  11,  1891 

15  KiRKUP,  Austin,  Murton  Colliery,  Sunderland      April  9,  1892 

16  KiRKUP,  Fred.  0.,  Button  Henry  Colliery,  Co.  Durham            ...  April  9,  1892 

17  Mordy,  \Vm.,  Kimblesworth  Colliery,  Chester-le-Street April  11,  1891 

18  Nicholson',  A.  D.,  Elemore  Colliery,  Fence  Houses,  Co.  Durham  June  13,  1885 

19  Patter-sox,  Thomas,  Craghead,  Chester-le-Street April  13,  1889 

20  Potter,  E.  A.,  Cramlington,  Northumberland       Feb.  6,  1875 

21  Pringle,  Hy.  Geo.,  Tantield  Lea  Colliery,  Lintz  Green  Station, 

Newcastle-upon-Tyne        Dec.  4,  1880 

22  Ridley,     Wm.,     South    Tanfield    Colliery,     Stanley,    R.S.O., 

Newcastle-upon-Tyne        Dec.  9,  1882 

23  RiTSOX,  Jyo.  Ridley,  Jesmond  Gardens,  Newcastle-upon-Tyne...  April  11,  1891 

24  Shute,  Wm.  Ashley,  Portland  House,  Eastbourne,  Darlington      April  11,  1885 

25  Simpson,  Nelsox  Ashbbidge,  Hedgefield  House,  Blaydon-upon- 

Tyne Aug.  1,  1891 

26  Stanton,  Philip,  Throckley  Colliery,  near  Newcastle-upon-Tyne  Dec.  8,  1888 

27  Sykes,  Frank  K.,  Springwell  Villa,  Bishop  Auckland    Feb.  13,  1886 

28  Watson,  Edward,  19,  Bloomfield  Terrace,  Gateshead-upon-Tyne  Feb.  13,  1892 

29  Waugh,  C.  L.,  Ffalda  Steam  Coal  Colliery,  Garw  Valley,  near 

Bridgend       Nov.  19,  1881 

30  Weightmax,  Percy  O.  ,  Sheffield  Road,  Woodhouse,  near  Sheffield  Oct.  9,  1889 

31  Whitehead,  John  J.a^mes,  Arden  Lea,  Heaton,  near  Bolton      ...  Dec.  12,  1891 

32  Willis,  Henry  Stevenson,  Sacriston,  Durham Feb.  13,  1892 

33  Wood,  John,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham           ...  Jime  8,  1889 

34  Yeoman,  Thomas,  Willington  Colliery,  Co.  Durham        Feb.  14,  1885 

35  ZUMBULOGLON,   Geo.  Chrisostom,  No.   3,  Astardji  ban.  Grand 

Bazaar,  Constantinople     ...         ...         .  .         ...         ...         ..    Feb.  14,  1891 
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SUBSCRIBERS. 

1  Owners  of  Ashiugton  Colliery,  Newcastle-upon-Tyue. 

2  Birtley  Iron  Company  (.3),  Birtley. 

3  Bridgewater  Trustees  (.3),  c/o  Clifford  Smith,  Esq. ,  Bridgewater  Offices,  Walkden, 

Bolton-le-Moors,  Lancashire. 

4  Marquess  of  Bute. 

5  Earl  of  Durham  (5),  Lambtou  Offices,  Fence  Houses. 

6  Haswell  Coal  Company  (2),  Haswell  Colliery,  Haswell,  ina  Sunderland 

7  Hetton  Coal  Company  (5),  Fence  Houses. 

8  Hutton  Henry  Coal  Company,  Limited,  7,  Boiidgate,  Darlington. 

9  Marquess  of  Londonderry  (5),  c/o  V.  \V.  Corbett,  Esq.,  Londonderry  Offices, 

Seaham  Harbour. 

10  North  Braucepeth  Coal  Company,  Ltd.,  Crown  Street  Chambers,  Darlington. 

11  Owners  of  North  Hetton  Colliery  (3),  Fence  Houses. 

12  Ryhope  Coal  Company  (2),  Sunderland. 

13  Owners  of  Seghill  Colliery,  Seghill,  Northumberland. 

14  Owners  of  South  Hetton  and  Murton  Collieries  (2),  50.  John  Street,  Sunderland. 

15  Owners  of  Stella  Colliery,  Hedgefield,  Blaydon-upon-Tyne. 

16  Owners  of  Throckley  Colliery,  Newcastle-upon-Tyne. 

17  Owners  of  Victoria  Garesfield  Colliery,  c/o  George  Peile,  Esq.,  Shotley  Bridge, 

Co.  Durham. 

18  Owners  of  Wearmouth  Colliery  (2',  Sunderland. 


ENUMERATION. 


Honorary  Members 

Members 

Associate  Members 
Associates 
Students 
Subscribers 


Total 


Auguiit  1,  1892. 

24 

545 

35 

34 

35 

18 
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Members  are  desired  to  communicate  all  changes  of  address,  or  any  corrections  or 
omissions  in  the  list  of  names,  to  the  Secretary. 
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